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PREFACE. 


The subject matter of this volume on Light Energy, as 
applied to medicine, has been the outgrowth of eleven years’ 
clinical experience with that part of the subject covered by 
light. , 

Its formal presentation to the profession is due to the 
constant demand on the part of physicians seeking post- 
graduate instruction at the author’s hands that she should 
embody her experience in the form of a book. 

Its pages are devoted to a practical consideration of the 
physics, physiological action and therapeutic effect of light 
energy from both natural and artificial sources, and also. 
aim to give a compendium of the literature of this new sub- 
ject up to date of going to press. 

Vacuum tube discharges and radio-active substances are 
also considered from the physical, physiological and thera- 
peutic points of view. 

The Roentgen ray has not been considered, although 
properly belonging to a consideration of light energy, for 
the reason that the subject has been most exhaustively 
covered by others, and books on Radiotherapy exist in 
sufficient numbers. The Roentgen ray is, therefore, re- 
ferred to only incidentally in its relation to light and radio- 
active substances, inorder to establish as clearly as possible. 
the indication for the one or the other. In the therapeutic 
uses of etheric vibrations, differing only in degree not kind, 
it is difficult to draw a line of demarcation, to Say when 
the irregular discontinuous impulses of the Roentgen ray, 
itself of the nature of a single ultra-violet ray, should be 


used, end when the rhythmic orderly procession of the short 
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high-frequency vibrations of intense chemically active light 
is indicated. The author will feel that her labor is not in 
vain if the indications at least for the use of light energy 
are clearly set forth. 

| No apology is offered for considering at length the fun- 
damental physics of light energy, especially i in so far as the 
physical laws governing light bear upon its therapeutic 
application. To those more or less familiar with the sub- 


ject, it may open up a line of study fascinating in the ex-_ 


treme. The electric arc has been treated of in considerable 
detail, as upon it the physician’s main dependence must be 
placed for a source of artificial light rich in chemically 
active energy. The effort has been to elucidate those points 
only in its physics which her own personal experience in 
its use had indicated as essential. 

The author’s own methods of utilizing light energies 
with results have been given, and also the experiences of 


others as well. Every opinion formulated by others has 


been carefully analyzed, and the conclusions drawn there- 
from submitted to vigorous criticism, especially from the 
physical side, before giving them place in these pages. 
Especially has care been. taken to exclude any evidence not 
based upon sound fundamental physical laws. It matters 
not what form of energy is expended within the tissues, if 
the fundamental physical laws of that ehergy are known, 
and its physiological action, the therapeutic application be- 
comes a very simple matter, involving no other principles 
save those fundamental to the physician. 

Upon physical laws and properties, physiological action 
and pathological conditions, the exhibition of light energy 
is at once rational and comprehensive. 7 

Light as a therapeutic meastire, as well as a factor in 
hygiene and sanitation, is not only of importance to-day, 
but always will be. 

In view.of the fact that the continued existence of the 
human species on earth depends entirely on radiant enerey, 
no apology is necessary for presenting a volume devoted 
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entirely to a discussion of light in its physical, physiological 
and therapeutical aspects to the consideration of a profes- 
sion whose duty it is to minister to human life from its first | 
inception to its final dissolution. 

While light energy is as old as the sun, and so almost 

are its therapeutic uses, never in the history of medicine was 
it as fully appreciated as now. The author hopes that a 
study of these pages will teach the student that it is not only 
ultra-violet energy, but all the radiant energies of the sun 
or artificial sources of light which are necessary to the main- 
tenance of health, and to the curing of disease. She also 
trusts that a perusal of these pages will stimulate a careful 
and systematic investigation of the subject, to the end of 
placing the general use of light energy upon a foundation 
equally scientific and sure, as that upon which Finsen has 
builded his therapy of skin diseases. 
_ The author’s acknowledgments are due to the courtesy 
of Dr. Gunni Busck, of the Finsen Lysinstitut, for the page 
proof of his work on Light Biology, which arrived in time 
for the incorporation of the most recent work upon sensitiza- 
tion of living tissues, and also for his hypothesis as to the 
sensitization of the organism by quinin in malaria. 

The author’s kindest and most cordial acknowledgments 
are due her friend, Dr. Elizabeth Stow Brown, not only for 


assistance in French translations, arrangement of accumu- 


lated data and reading of manuscript, but for her intelligent 
interest in the subject. 

The author’s acknowledgments are due to the courtesy of 
the British Medical Journal for the use of the cuts (Figs. 
4 and 5) illustrating the experiments of Bernard and 
Morgan. 

The author’s acknowledgments are also due her friend, 
Dr. Leslie J. Meacham, for his untiring and intelligent 
assistance in revision of manuscript and proof. 


2 MarGARET A. CLEAVES. 
616 Madison Ave., New York City. 
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CHAPTER I. 


Light Energy, the Theory OL lts: Manifestations, 
t. Brush Discharges in Vacuum, Visible Light, 


Introduction: 


Radiant Hea 
Ree Violet Rays, N Rays, X Rays, Cathode Rays, Alpha, Beta 


and Gamma Rays. 


Light Energy. 


Energy is defined by Professor Barker “as a condition of 
matter in virtue of which any definite portion may effect 
changes in any other definite portion.” It is ee S 
the potential of the universe, and when matter is in a phase 
permitting activity, all other quantities of a matter at a 
distance are affected. The method of transfer of energy 
through space is universally conceded to be by means of 
wave motion through the ether, the eternal recipient and 
universal transmitter of Nature’s infinite energy. -I hrough- 
out space all matter is vibrating from the lowest musical 
note to the highest pitch of the chemical rays. The various 
manifestations of energy known as sound, heat, light, elec- 
tricity and chemical action, are all vibrations of this uni- 
versal, homogeneous, incompressible continuous body, which 
is incapable of being resolved into simpler elements or 
atoms. 
These various manifestations of energy are recognized 
‘as such according as they are perceived by different nerves, 
for the mind of man translates the impressions of the world 
into facts of consciousness and thought by means of the 
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nerves of the human body. All these varying rates of vibra- 
tion, differing as they do only in direction, rate and fre- 
quency, are interpreted according to the different nerves or 
groups of nerves physically.attuned to them, or organized to 
select and respond to especial manifestation of vibratory 
activity. The optic nerve transmits to the retina and the 
brain the sensation of light, and its function is limited to the 
phenomena of radiation. It is wonderfully sensible to cer- 
tain impressions of this class, but on the other hand is very 
little affected by, even obtuse to other impressions. Vibra- 
tions which affect the sense of touch, taste, smell or the 
senses can be educated to take the place of the optic nerve 
to a very great extent, functioning in such a way as to carry 
correct impressions, ordinarily received by way of the optic 
nerve, to the brain. Nor does the optic nerve perceive the 
entire range of radiation. Its function is not excited by all 
the rays which reach it, while there are others which never 
reach it at all, being absorbed by the humors of the eye, and 
producing thereby the brilliancy characteristic of it. Invisi- 
ble rays are emitted by non-luminous bodies, as there is no 
body in nature absolutely cold, and every body not abso- 
lutely cold emits rays of heat. But in order that radiant 
heat may affect the optic nerve a certain temperature must 
be reached. As the temperature is increased, in a platinum 
wire, for example, through which a gradually increasing 
current is sent, the wire, by reason of its great resistance, 
first becomes warmer to the touch, then increasingly warm, 
next glowing with a red light, and as the current is increased 
becoming brilliantly incandescent.t This phenomenon, which 
is comparable to the light of the sun, affects the retina and 
excites the sensation of vision. 

The author’s conception of light and its action is based 
upon the now accepted undulatory theory, and is coupled 
with the belief that all space is saturated with the incon- 
ceivably minute corpuscles discovered by J. J. Thomson.? 


sfyndall : Fragments of Science “Radiation.”’ ; 
J. J. Thomson: Conductivity of Electricity through Gases. 
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r electricity in its ultimate refine- 
to it, or its immediate carriers. 
n is only the one-thousandth 
wn particle of matter. The 
orpuscular theory, believe 


These are regarded as eithe 
ment, as very closely allied 
The ‘“corpuscle” of Thomso 
part of the mass of any kno 


astro-physicists, who accept the c “ory 
“that the earth and sun, all suns and dark bodies in space, 


he primordial cosmical 


all granular matter, move through t 
a wire screen through 


mass of electrical corpuscles as would 
water.”t These bodies, smaller than atoms, are able to pass 
through the wide spaces, comparatively speaking, of dia- 
monds, glass, steel, flint, etc. 

Thomson’s corpuscles are positive, and negative in their 
electrical discharges, the positive carriers of electricity hav- 
ing a size comparable to ordinary atoms of gross matter, but 
the corpuscles that flow between the atoms of all types of 
matter are negative. Matter in a state of activity sends 


a. out continuously the same kind of corpuscles that fill all 
_ space. The sun in its never-ending state of activity, tur- 


ulent, tossed into fantastic shapes, is to be regarded as a 

ce of negatively electrified corpuscles which stream 
gh the solar system. 

The most intense radiance known is that of sunlight, and 

hen put in candle-power, the figures are so enormous as 

to convey but little idea to the mind of its intensity. 


-1,575,000,000,000,000,000,000,000,000, Of fifteen hundred 


and seventy-five billions of billions enumerated according 
to the English method.’ 

Langley made a careful comparison between. the solar 
radiation and that of the blinding surface of the molten | 
metal in a Bessemer converter. The brilliancy of this metal 
is so great that the dazzling stream of melted iron, which is 
poured in at one stage of the proceedings to mix with the 
metal already in the crucible, “is deep brown by comparison, 
presenting a contrast like that of dark coffee poured into a 
white cup.” In conducting his experiments every advan- 


*Larkin: Radiant Energy. 
"Young: The Sun. 
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tage was given to the metal in order to institute a comparison 
_ between the brilliancy of the metal and the sunlight. No 
_ allowances were made for the losses encountered by the lat- 
_ ter during its passage through the smoky air of Pittsburgh 
to the reflector, which threw its rays into the photometric 
apparatus. Despite this disadvantage the sunlight came out 
five thousand three hundred times brighter than the dazzling 
radiance of the incandescent metal. - 

The radiant energy falling upon the deck of an ocean 
liner is sufficient, if it could be utilized, to propel the ship 
with greater speed than is now obtained from carbon, if the 
radiation received were not cut off by the air. The air cuts 
off fully one-third. 

On an ostrich farm in South Pasadena is a great solar 
motor which has an indicated output of 11 horsepower, with 
210 pounds of steam, which can pump water at a maximum 
rate of 1,400 gallons per minute. 

The inconceivably rapid and minute oscillating light cor- 
puscles of the invisible region beyond the violet have a chem- 
ical energy so intense as to destroy micro-organic life, to 
wreck the molecules of nitrite of amyl, of iodine vapor, 
to produce erythema of the skin and underlying changes ; 
effects dependent upon the accumulation of the periodical 
strokes of their oscillating swing until the atoms upon which 
their timed impulses impinge are jerked asunder. It is this 
energy in its various manifestations to which this volume 
is devoted. When light is conceived of in this manner, the 

reason for its power in continuing life and in curing disease 
becomes evident at once. 


Theory of Light. 


Various hypotheses have been formulated in order to 
explain the origin and transmission of light. 
The most important of these are the emission or cor- 


puscular theory and the undulatory theory. 


‘Larkin: Radiant Energy. 
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On the emission theory it is assumed that luminous 
bodies emit, in all directions, an imponderable substance 
which consists of molecules of extreme degree of tenuity ; 


these are propagated in right lines with an almost infinite 


Me, the undulatory theory of Huygens, light consists 2 
wave motions of the ether, the vibrations being transmitte 
from particle to particle with an extremely high ae 2 
straight lines; the vibrations of the particles of the ether a 
at right angles to the path of the ray. 

An idea of this wave motion may be given by shaking i 
rope at one end, the vibrations, or to-and-fro movements 0 


the particles of the rope are at right angles to the length 


of the rope, but the onward motion is in the direction of the 
: th. : 
Be irincsity of a body is due to an infinitely rapid 
vibratory motion of its molecules which, when communi- 
cated to the ether, is propagated in all directions in the forms 
of spherical waves, and this vibratory motion, being ne 
transmitted to the retina, calls forth the sensation oO 
n. eo 
D The emission theory was supported by Newton, and 1s 
spoken of as Newton's corpuscular theory. Euler enun- 
ciated the undulatory theory subsequently to Huygens. 
Since the discovery of the Thomsonian corpuscle and radium 
the question has arisen as to whether there will not be a 
reversion to the emission or corpuscular theory. he un- 
dulatory theory stands, however, and upon it many optical 
phenomena, particularly those of diffraction, as shown 2 
Young, can be explained. Energy 1s the potential of the 
universe. When matter is in a phase permitting it to be 
active other quantities of matter at a distance are affected. 
This transfer is known to be by means of wave motion. 
Each separate impulse moves from the emitting to the recelv- 
ing mass on a rigorously straight line. One individual con- 
tinuous set of oscillations in this straight line is called a ray. 
If all space is saturated with the inconceivably minute cor- 
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uscles of ’ , 
puscles of Thomson, as there is reason to believe, each nega- 


tive 
-homsonian corpuscle makes a double vibration to and | 


fro like a pendulum (the transmission to-and-fro of th 
illustration ) straight across the direction of the oo : . 
. ie angles to it. The corpuscle moves over and fetus 
€ position it had originally before the excursion. Aft 
one corpuscle makes an oscillation across the He n : 
the ray and returns the next does likewise and the 4 : 
ane ae After the first cOtpuscle Hae a Gale 
nother istant Irom it 186,000 miles will also make a vibre 
: ) vibra- 
ne at the end of the first second of time in the same straight 
Since these Thomsonian corpuscles are negative and can 
be drawn out of their original straight path by the action 
a magnetism, the entire wave mction of the universe js 
a ee Dhis: says «Larkin, whose description of 
e movement of the oscillating light corpuscles is given 
was prophesied by Maxwell forty years since. The fal 
ment of the prophecy was left to Thomson. . Tier is reall 
no such thing as a ray of light, nor for that matter of pe cil 
consisting of a number of rays. The straight et : 
oe middle of a wave or set of waves as illustrated by fe 
fe ae is simply to indicate the direction of 
oe : and in a graphic representation it also serves 
how t e amplitude on either side of the frequency of 
the oscillating light corpuscle. The amplitude is the “di 
tance of the sides of the waves from the illustrative ce : 
iy of the ray. It represents the distance of the cae 
= e corpuscle on each side of this imaginary Sek 
As each wave is 186,000 miles distant from its source 
at the end of one second, there must follow variations in tl 
length of the waves. Those of the greatest amplitude, i < 
distance of swing of the oscillating light corpuscle ie 
this straight line, will of necessity be the longest, ae 
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Light Energy: Its Manifestations. 


Since Roentgen’s discovery in 1896 a host of radiations 
sprung into prominence, many of which have a relation 
to physiologic processes, and are applicable to therapeutics. 


Among these may be enumerated radiant heat, brush dis- 
Itra-violet rays, N rays, cathode 


beta and gamma rays of radio- 


have 


rays, X rays and the alpha, 
active substances. 

These latter will receiv 
seqtient chapter devoted to that su 
with rays emanating from other 


e especial consideration in a sub- 
bject, and their identity 
sources set forth. All 
onal activities of the all- 
eir differences physically, chemically 


and physiologically are due to their varying rates of fre- 


quency. | 
Ag with electricity so with light. There is an enormous 


nge of frequency available. These varying rates of vibra- 
al activity are not all continuous. In the lack of con- 
y the X ray differs essentially from rays of the con- 
us solar spectrum. | 
While it has not yet been proved it is probable that the 
‘slowest waves which go around the earth are due to the 
e what are called 
nt heat waves, Paschen’s waves, and 
waves which get shorter and shorter, the luminous waves, 
ie., the different colored waves of the spectrum, N rays. 
and, finally, still shorter waves, and at the higher frequencies 
of the ultra-violet region up to the Becquerel or X rays. 

F ‘The cathode rays are of a different order, and consist 
of negatively charged particles or corpuscles, as Thomson 
‘calls them. These are the electrons of Crookes. They move 
with the velocity of from 1-5 to 1-3 that of liebt. -ihe cor 
puscle with its charge is identical with the electron. Thom- 
sons corpuscles are positive and negative in electrical 
charge, the positive carriers of electricity being comparable 
in size to ordinary atoms of gross matter, the negative cor- 
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puscles flowing between the atoms of all types of matter 
very minute. By their impact against obstacles, the target 
of a Crookes tube, they produce Roentgen rays. Becquerel 
rays, discovered by Becquerel in his experiments with ura- 
nium nitrate, were at first supposed to be different from 
Roentgen rays in being capable of polarization and refrac- 
tion. This supposition of Becquerel’s, both he and others 
subsequently disproved. They are also identical with the 
penetrable radiations of radio-active substances. All the 
phenomena considered, therefore, may be regarded strictly 
as manifestations of light. 
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atoms of some bodies refuse to partake of motion of the 
powerful waves of low refrangibility and, therefore, remain 
unaffected by their heat. Such is not the case of the tis- 
sues. of the living organism. Upon it radiant heat exercises 
a profound influence, producing an effect beyond the skin 
by entering the body as a radiant force. Through the large 
superficies acted upon there are sent co-extensive ee 
impressions to nervous centres from which they — reflectec 
to the various internal organs. : 
Langley, with his bolometer or platinum herve, has in- 
vestigated this’ end of the spectrum, and his map of the 
a infra-red end of the spectrum is 13 times as long as that of 
Neve oe | 4 the visible spectrum. _ | 
ed 4 The waves or frequencies manifested as radiant heat 
have varying intensities out to the extreme limit. This part 
of the spectrum is full of lines and bands which vary as | 
much in width as do those of the visible spectrum. They 
4 indicate absorption, for absorption is the cause of all dark 
and cold spaces in the solar spectrum. Cold in this part of 
the spectrum corresponds to darkness in the visible. 
The bolometer or platinum nerve shows itself more sen- 
sitive in detecting the long and slow waves beyond the red 
than the eye, just as the fluorescent screen slows down the 
0 . Ni waves beyond the fastest violet or the ultra-violet, rendering 
be seen at the place of convergence. With a proper ther- | . re nan cere to the Haman couse moet 
mometer it could be proved that even the air at the focus q Rit) sensitive, are not, ee a 
eee = Pe ee d. for platinum and silver are both more sensitive. 
this is that the ether at the focus is practically detached from | 4 posed, p 
the surrounding air, that the most violent ethereal motion (@ aq Brice Diccharges 
may there exist without the least aerial motion, invisible, | E 
yet the thermal energy is sufficient to raise iron to a tem- 7 
perature at which it throws off brilliant scintillations. 
the invisible region below the red, before the swings or 
excursions to and fro of the particle of iron become rapid | 4 
enough to emit dull red, waves ate issuing which are too q 3 


_ Radiant heat, considered in its proper place in its phy- 
sical, physiological, and therapeutic relation, is another 2 
manifestation of light energy. 

Radiant heat differs essentially from hot air, A ther- | 
mometer exposed to radiant heat gives no trustworthy indi- : ’ 
cations. | 4 

Powerful as these rays are, and sufficient to fuse many | 4 
metals, they can be permitted to enter the eye and break 
upon the retina without producing the least luminous im- 
pression. Gather them in a focus and there is nothing to 


There proceed from the sun magnificent waves, one 


; ‘¢ oscillation in 64 seconds producing another oscillation. In 
= q the earth, however, the frequency of an electric oscillation 
is 17 per second. But electric oscillations may be made to | 
run up to 50,000 millions per second, while with suitable Ley- 


long and slow to have effect on the retinal nerves. "The 


——= 


_ “Tyndall. 


den jars appropriately connected with a source of E. M. B. 
the frequency may run up to 30 and 100 millions. Every 
oscillation of the discharge between these jars sends out a 
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wave, like a stofie falling into water. But if the two dis- 
charging knobs be drawn far enough apart there is no longer 
sufficient potential of this miniature lightning discharge to 
break down the air, so it expands into a brush of blue light— 
electricity—like the brushes of a paint brush if widely sep- 
arated. ‘This constitutes the brush discharge, and in nature 
it finds its counterpart in aurora. To every one familiar 
with the phenomenon of this discharge from high tension 
coils or from Holtz machines the absolute identity of the 
two phenomena is at once apparent. “The light of the 
aurora, although caused by the stn, does not come direct 
but is caused by. the turbulence set up in the earth’s magnetic 
field by electro-magnetic upheaval on the sun. The field 
of the earth is tuned for that of the sun, as are coherers in 
sympathetic telegraphy and telephoning. The phenomena 
of the aurora are electrical, affecting magnets and compass 
needles on ships.’ So also is the brush discharge. In this 
connection this discharge concerns us not as it streams from 
the terminal balls of the discharging rods when there is no 
longer sufficient potential to cause a disruptive discharge, 
nor as it streams from the ellges of the insulating plat- 
form nor from wooden balls and points, but when dis- 
charged in vacuo. These tubes when connected by their 
platinum terminals to an excited static machine or a 
high tension coil glow with supernal radiance. The 
light oscillates with great rapidity. In their behavior 
they have been likened to the oscillating discharges of the 
Saurore  hune up above the poles of the. earth. Phe 
phenomena occurring in these tubes of varying degrees of 
vacuity “are in that mystical place, the dim borderland be- 
tween radiant energy and radiant matter if indeed there is 
any boundary between, for Thomson’s corpuscles and 
Crookes’ electrons, although matter, behave like radiant 
eneroy.” ' 

These discharges, electro-magnetic, present then the 
phenomena of light and electricity. They are chemical in 
their action, and the frequencies of the light energy vary 


_ of waves. 
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of vacuum. The theory of these 
as well as their physiological and 
assume their place in Chapter 


according to the degree 
discharges in vacuum, 
therapeutic applications, 


XVI. 


Luminous or Visible Rays. 


Ascending the scale or heating the iron still hotter than 
for the purposes of heat emission only a Gill, red ap- 
pears. By increasing the heat, there will develop all shades 
of red from a dull to a bright color. If these rays be re- 
flected through a prism upon a. white screen a band of red 


light will be seen extending from a deep to a bright red. Ie 
is not hot enough to emit other than red, that is, its particles 


do not oscillate fast enough to send forth any other lengths 
If the iron is heated still hotter until it loses its 
d color and becomes white, if reflected through a prism 
1 a screen, a continuous spectrum will be seen. A still 
tense heat and the color band still complete 
briehter than before. This spectrum is continuous 

the frequencies from the long and slow of the 

) the orange, vellow, green, blue, indigo and 


ude, are present. 
When an inch contains from 36,000 to 61,000 of these 


1gly in frequency, and of gradually diminishing 


| electro-magnetic undulations their effect-upon human sensa- 
tion, by reason of the retina, is that of light. Their num- 


ber compensates for their minuteness. ‘Trillions of them 
enter the eye and hit the retina in the time consumed in the 
utterance of the shortest sentence. 

The shortest violet wave, just before extinction in the 
ultra-violet region, is of such lengths that 61,000 are within 
one inch. As illustrative of the extreme shortness of these 
waves is the fact that the highest musical sound caused by 
-an oscillating piano wire 4,000 times per second is conveyed 
by a wave 3 1-3 inches long. All sound waves are, however, 
extremely long as compared with light waves. : 
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Setstetees 


This continuous spectrum has been likened to the 
keyboard of an organ with every key open, the bellows 
being in constant action, the bellows corresponding to the 
continuous shining of the sun or other sources of .white 


their value is greater when associated with the biue violet of 
the continuous spectrum or its entire radiance. In its ap- 
propriate place, ultra-violet energy receives full considera- 
tion from the physical, physiological and therapeutic points 
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light.* 

The continuous spectrum is very valuable in its physical, 
physiological and therapeutic’relations. This is not only 
true of one region or one color, but of the complex of fre- 
quencies of which it is made up. | 


Ultra-Violet Rays. 


Bordering on the extreme end of the violet of the con- 
tinuous spectrum is that mystical region, the ultra-violet. 
It has been and is the subject of constant study and interest 
to the physicist, and is constantly being explored with in- 
tense interest. Since the work of Finsen it has been of 
great prominence in the medical world. The absence of 
strict scientific knowledge of the nature of the inconceivably 
rapid oscillations of the light corpuscles of this region, in- 
visible to the eye save as made visible by a fluorescent 
medium or in their appeal to the imagination, caused results 
obtained from sources of light energy, absolutely barren 
of ultra-violet manifestations, to be attributed to them. 
More, the physiologic phenomena and therapeutic results 
from the use of various sources of light energy have been 
misinterpreted, and results obtained from the use of light, 
whether from the solar light sifted through a glass lens or 
an incandescent light with a blue glass enclosing bulb, have 
been attributed to ultra-violet light energy, although these 
rays have been absorbed by the intervening medium of glass 
in both instances, and very feeblv generated, if at all, in the 
latter instance. The complex of light energy and its rela- 
tion to therapeutic result, has not been correctly interpreted 
and analyzed. Valuable as are these invisible frequencies, 


“Larkin: Radiant Energy. 





of view. The detailed physics of ultra-violet frequencies, 
of unsurpassed interest, as for that matter is the physical 
side of all forms of energy, is taken up in connection with 
their physiologic and therapeutic action in an especial chap- 
ter rather than under the general physics of light energy. 
It is not that ultra-violet frequencies are to be disassociated 
from the spectrum, but quite the contrary. 

By the increased temperature of our illustrative iron the 
excursions to and fro of the oscillating light corpuscles be- 
come faster and faster, and with their increased rapidity the 
amplitude of their swing from side to side is correspondingly 
lessened. The length of the spectrum beyond the measured | 
ultra-violet is still unknown, but it seems certain that these 
invisible frequencies become shorter and shorter until they 
are merged into Roentgen waves. 


The N Rays. 


According to the latest report the N rays discovered by 
Blondlot take their place in the violet region of the spec- 
trum. | 

As yet there exists a great deal of scepticism as to their 
existence. They are by no means impossible, they are even 
probable, but they are not yet an established scientific fact. 
It would not be strange if a chemism such as the living 
organism should emit rays of some nature. There is con- 
siderable collateral scientific fact to support this view. 
Suffice it to say if the existence of rays emanating from the 
human body or tissues is proved, it is quite likely that they 
will become of equal if not of greater importance than any 
of the. other rays. The discovery, nature and relation of 
these rays to the living organism are considered especially 
in a subsequent chapter. 
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| Roentgen or x Rays. 


A beam of light which has passed through a prism is 
bent aside, or refracted. | 
To the question why are these waves bent differently 
when they strike a piece of matter obliquely, the answer has 
been given by distinguished physicists, Stokes, Lord Kelvin 
and others, because of the heterogeneity of matter. Matter 
is composed of particles or atoms or molecules of infinite size 
not incomparable with the size of the waves. In the homo- 
geneity of matter, that is, with all its parts similar, as is the 
case with ether, there would be no such dispersion or sorting 
out of the waves. They might be bent, but they would not all 
be bent alike. Dispersion, or separation of the waves, into 
their different sizes depends upon the size and oscillation 
frequency of the atom. The size of the atom can be esti- 
mated by the amount of dispersion. Were the atoms either 
enormously larger or extremely smaller than light waves, 
then there would be no dispersion. But if they are at all 
comparable in size, then the waves which are similar to 
them in size are most affected. As the atoms are much 
smaller than the waves the greatest effect is upon the blue- 
violet and ultra-violet... They are more nearly in sym- 
pathetic resonance with them, and it is for this reason that 
physically these frequencies are capable of influencing most 
profoundly molecules or groups of molecules in the living 
organism. The longer and slower frequencies, from the 
green down to the infra-red, are much less affected. Until 
the discovery of Roentgen the spectrum was limited by the 
ultra-violet. : 
According to Helmholtz’ theory of dispersion, the exist- 
ence of still smaller waves would ultimately give waves 
smaller than atoms. This being the case these waves would 
be bent less, not more, and the result would be a reversal 


“Sir Oliver Lodge: Archives of Roentgen Ray. March to June, 
1904. | 
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of the dispersion of the uppe Rick upon itselé, 
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other words, the spec 7 . 
and when the infinitely small waves were reached they wou 


bent at all, but would go straight on. From this 
therefore, clear that starting at 


n. where the waves are infinitely 
ctrum would double back upon itself until the 
ble to an atom in size, So that ulti- . 
sible waves there would be no 
Helmholz’ mathematical 


not be ft 
theory of dispersion it 1s, 


foie, the spe 
waves would be compara 
mately from the shortest pos 
bending at all. In the x fay, 


y finds its proof. 
Bh, are very rapid, excessively short, smaller in fact 


‘than anything conceived of before. “They are not bent and . 
In this going straight on without any 
ve from the ultra-violet ray. 
unlike the rhythmic continuous movement 
in this. especial comparative instance, ultra- 
et light, they are discontinuous, and as yet there 1s 
means of rendering them continuous. They are a a 
slitary ether pulse, up and down almost instantly, an 
-essation. They may be likened to an energetic 

al “crack, a falling of a brickbat, a jangle, not a har- 

) y coming again and again but infrequently once in 
thousand years or so in the life of an oscillating ultra- 


_ violet wave. 


The X ray proceeds from the target with every blow of 


the electron, and in rapid succession as the target is being 


bombarded by the electrons or cathode rays in very large 


numbers. : 

In the inconceivably small size of these waves, in their 
suddenness, so to speak, and infrequency, they probably act 
physically to reinstate the vibrations of atomic structures 


¥ » in diseases not yet wholly departed from their normal period 


of vibration. 
The property of ionization is possessed in common by 
ultra-violet, cathode and Roentgen rays, 
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Cathode Rays. 


In the dark space of a vacuum tube the most inter- 
esting phenomena take place. It is where the cathode 
rays are formed. These cathode rays are particles of 
electricity shot off from the negative terminal. They are 
really the negative corpuscles of Thomson. <A ray in the 
mind of the physicist is generally associated with an undu- 
latory motion of the ether. This, says Thomson, is only an 
accidental association, and there is no necessary connection 
between a ray and undulatory motion. Those negative cor- 
puscles or cathode rays have an extraordinary resemblance to 
the conditions postulated in the corpuscular theory of light. 
They travel in straight lines, they are shot off with tremen- 
dous speed, a speed able to carry them about 20,000 miles per 
_ second from the negative terminal, or cathode of a Crookes 


~ tube. Cathode particles have been observed in a tube hav- 


ing a velocity as much as one-third of light. In their very 
high speed they are comparable only to light. 

Mass of a Negative Corpuscle-—They have but small 
mass weighing much less than an atom. The mass of each 
of these particles is only about one-thousandth part of that 
of the atom of hydrogen, the smallest mass recognized before 
Thomson’s discovery. 

Emission of Cathode Rays by Radium.—There are 
some substances which are perpetually emitting cathode 
rays, notably, as was shown by Becquerel, uranium and its 
compounds. Radium, however, possesses this property to 
an enormously greater extent than excited Crookes tubes. 

Velocity Greater from Radium.— The velocity with 
which the corpuscles are emitted from radium is about two- 
thirds that of light, and is double the highest velocity which 
Thomson, in his experimental work, was able to obtain in an 
exhausted tube excited by the most powerful induction coil. 

Phosphorescence Excited by Cathode Rays.—When the | 
residual gas is removed they will infringe on the walls of the 
tube and make them phosphorescent. The phosphorescence 
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| of the glass produced by them is not a unique one, as it is 


shown by many substances. Rock salt becomes a pretty 
violet blue under their influence, and if kept dry, will last a 
long time. Glass is changed by a long exposure and loses , 
its power of phosphorescence. In other words, it becomes 
tired, as it were, under the excessive bombardment. oo 
Thermal Effects Produced by Cathode Rays.— Bodies 
upon which they fall are heated by cathode rays, and if 
concentrated by using a portion of a hollow cylinder or 
spherical shell as a cathode, platinum may be raised to 
sncandescence, thin pieces of glass fused and diamond 
charred by them. The energy possessed by the corpuscles 
striking the body Thomson estimates at nearly two calories 


- per minute. | 
| Production of Roentgen Rays by the Impact of Negative 


Corpuscles——The most widely known property of the 
cathode rays is that of producing the Roentgen rays. They 
are the parents, so to speak, of the Roentgen rays, for the 
latter are produced whenever the cathode rays strike against 


a solid obstacle. : 

By the use of a platinum target in a Crookes tube, the 
cathode rays are stopped and the X rays produced. It iS 
not that the cathode rays are reflected, but as every single 
negative corpuscle strikes the target there is emitted by the 
sudden stoppage of the electric charge a single wave. 
“Just as the disturbance made by shaking a whip travels | 
down the whiplash, so each of these cathode rays as it LOR. 
gives an ethereal crack as it were.” ‘These “ethereal shells,’ 
or solitary pulses, are excited by the impact of the cathode 
rays upon the target, just as sound or heat is caused by the 
impact of the bullet.* 

Lenard’s Experiment; Transmission of Cathode Rays.— 
Lenard’s discovery, just antedating Roentgen’s, consisted 
in bringing cathode rays outside a vacuum tube. “Betore 
this the cathode rays could not be used for a therapeutic 


*Sir Oliver Lodge. 
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purpose.’* By facing his vacuum tube with a very thin piece 
of aluminum foil Lenard succeeded in getting them out. 
These rays are penetrating enough to get into ordinary air, 
but they are stopped by ordinary matter. Aluminum stops 
them less than any other solid matter. At the time of 
Lenard’s discovery, the strange effects of these penetrative 
aluminum rays received but little attention. 


Similar Effects to Roentgen Rays.—After Roentgen’s 


discovery they came more into prominence, and the effects 


were found to be precisely similar to the effects of the 


Roentgen rays, with, however, slightly different properties. 
They are similar in their (1) penetrative effects, can go 
through metal; (2) ability to affect photographic plates; 
(3) to discharge Leyden jars; (4) to make gas, through 
which they pass a conductor of electricity; (5) production 
of phosphorescence in substances against which they strike. 
Although capable of producing photographic effects, 

radiographs cannot be produced by them, as the flesh arrests 
them and prevents the showing of the bones. 

Cathode rays outside the tube are, therefore, called 
Lenard’s rays, as he was the first physicist to cross the Rubi- 
con between the inside and the outside of a vacuum tube. 

Thermo-Luminescence Produced by Cathode Rays— 
Cathode rays produce in some substances, discovered by 
Professor E. Wiedemann, a thermo-luminescence. For ex- 
ample, a mixture of sulphate of calcium with a little sul- 
phate of manganese is not altered in its appearance by the 
rays, but for some time after its exposure it bursts into a 
vivid greenish glow when slightly heated. 

Mechanical Effects Produced by Cathode Rays.—Other 
than the properties possessed in common with the Roentgen 
rays, cathode rays have the property of producing motion 
of objects against which they strike. This is very prettily 
shown in the experiment due to Sir William Crookes, with 
a little mill having a series of vanes, the axle of which is 


*Sir Oliver Lodge. 











: ete passes through the tube the cathode rays strike 
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Pied on glass rails within the vacuum Ge When the 


against the upper vanes, and the wheel rotates and: travels 
from the negative to the positive end of the tube. At the 
same time, if the vanes are covered with suitable media they 
show a beautiful phosphorescent gleam. 

Electric Charge Carried by Cathode Rays.—Cathode 
rays carry a negative electric charge, and the negative elec- 
trification follows the same course as rays producing phos- 
phorescence on the glass. 

Gas through which Cathode Rays Become a Conductor 
of Electricity—In their passage through the rarefied gas of 


the tube they change it from an insulator to a conductor of 


electricity as soon as it is traversed by them. The cathode 
rays really constitute an electric current, they are really elec- 
trons in rapid motion. For that matter any electric current 
consists of electrons in rapid motion. They cannot’ be seen . 
as in high vacuum because they are not usually free to move. 
A stream of electrons may be driven down a conductor in 
such a manner as to show that they are producing current. 
This was done by Faraday years ago, who did not know, 
however, what was occurring. As they pass from hand to 
hand, as it were, by the atoms of a metal chain they may be 
likened to a chain of buckets as they are passed along a 
chain of persons at a fire. As they proceed down the whole 
of the matter conveying them can be deflected by a 
magnet. 

The discovery of the true nature of the cathode rays and 
the existence of electrons or particles of electricity, has made 
electric conduction and electric action generally much more 
definite than before. 

Reflection of Cathode Rays.—This is not reflection as 
understood in optics. It is called diffused reflection of the 
cathode rays. When cathode rays strike the surface either 
of a conductor or an insulator, cathode rays start from the 
surface in all directions. All the rays then proceeding from 
a surface struck by cathode rays are called reflected. 
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Magnetic Effects of Cathode Rays.—By the luminosity 
produced in this way their path, ordinarily a straight line, 
becomes curved when exposed to the action of a magnet. 
A practical application of this fact is made in electricai engi- 
neering in the study of rapidly changing magnetic forces. 
Ordinary magnets are too heavy to follow the vagaries of 
the magnetic course, but the cathode rays, having practically 
no mass, are able to follow the changes in the force no 
matter how rapid they may be. By watching the movements 
of the rays the behavior of this course can be deduced. 

Magnetic Spectrum of Cathode Rays.—When cathode 
rays are produced by an induction coil which gives a dis- 
continuous discharge the phosphorescence is broken up into 
several distinct patches by a magnetic field. For example, 
if originally there is a narrow straight band of phosphores- 
cence, under the influence of a magnetic field several bright 
bands of phosphorescence separated by dark spaces are 
observed. This is the magnetic spectrum of cathode rays, 
when not produced by mechanisms which have a continuous 
E. M. F., as an electro-static machine or a storage battery.* 

Repulsion of Cathode Stream.—When there are two 


cathodes in a vacuum tube connected together, the cathodic 


rays from one cathode are deflected when they pass through 
the dark space surrounding the other cathode. This is to 
be explained by the electrostatic repulsion of the negative 
electricity travelling along the cathode rays, by the strong 
electric field which surrounds it. 

Canalstrahlen or Positive Rays.— The Canalstrahlen 
were observed experimentally when a perforated cathode 
was used. Under these conditions, if the pressure was 
between certain limits, luminous streams were observed 
passing through the holes in the cathode, travelling in 
straight lines and emerging on the side of the cathode 
remote from the anode. es : 

These excite phosphorescence on the part of the glass 


1Strutt: Phil. Med. Mag., Vol. XLVIIL., p. 478, 1899. Quoted 
by Thomson, 


q pon which they strike. 


a copper plate 


“ZIGHT ENERGY AND ITS MANIFESTATIONS. 21 


If the glass is soda-glass, sodium 
nes will be observed spectroscopically. When they strike 
they oxidize it. This is not due to the impact 
of the rays, but is an indirect effect due to the rays produc- 
‘ing active oxygen when they pass through the gas. They 
fo not exert this reducing effect through hydrogen. ‘The 
Canalstrahlen consist of positively charged particles. 
Tt ere is thus a stream of positively charged molecules mov- 
ae toward the cathode, causing this to emit cathode rays. 
1en the cathode is perforated a part of the stream passes 
igh the holes, producing in the gas behind the cathode 
aminosity, thus forming the Canalstrahlen. This explana- 
jon of Thomson, although not given as sufficiently estab- 
‘is however, regarded as the correct one. 
elocity of the positive ions is very much smaller 
Heth e cathode rays measured, while the propor- 
ic charge to the mass is only about 1//30000 
1 egative ion. It is the same 4s the vaiue 
the mass in the ordinary electrolysis 


y any luminous star, may be re- 
atively electrified particles which 
solar and stellar systems. When cor- 
high speed pass through a gas they make 


> luminous effects. This is the belief of many astro- 
icists. If it be assumed that the aurora borealis is 
aused by corpuscles from the sun passing through the upper 
resions of the air, its many periodic variations can be ex- 


&>, 


7 plained satisfactorily. 


Alpha, Beta and Gamma Rays. 


In the sensitiveness of the electroscope to radiations of 


_tmany kinds radio-active substances were discovered. These 
are considered at length in their appropriate place. 
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The emanations from radium are divided into three 
groups, the alpha, beta, and gamma. 

The alpha group consists of emanations not affected by 
a strong magnetic field, incapable of passing through any 
_ but the thinnest material obstruction. 

They are the positively electrified atoms, and their mass 
is enormous as compared with that of the next group. 

The beta rays are cathode rays given off from radium 
at a very high rate of speed, two-thirds that of light. The 
gamma ravs find their counterpart in the Roentgen ray. 

In all these manifestations of light, radiant heat, brush 
discharges, visible light, ultra-violet rays, cathode rays, 
N rays and X rays, the physician has an interest as well as 
the physicist. 


Hyper-| Roent- 
ultra- gen 
violet | rays 


Electric} Un- | Infra- 
waves |known| red 


CHAPTER IL. 


| sics of Light Energy and Radiant Heat. Sunlight, Elec- 
c Light, Incandescent Light, Mercury Vapor Light, Spark 


acuum Tube Discharges. 


_ The Physics of Light. 


f this chapter is to present the physics 
upon its therapeutic uses. It is possible 
een exceeded, and it is ep obable that 


ae in od | in the chapters devoted 
- rather than in this connection. The mer- 


si ze and shape does not lend eclt to therapeutic work. 

iefly considered, however, at the close of this chapter. 
nalogy between Sound and Light—The analogy be- 
en sound and light is a very close one. The inten- 

y of a sound is greater as the amplitude of the vibration 
each particle of the air is greater, and the intensity of 
‘the light is greater as the amplitude of the vibration of 
the air is greater. The shorter the undulations producing 


3 the sound, the more acute it is, or in other words the more 


“Standard text-books on Physics, Ganot and Daniell. 
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vibrations there are to the second. Similarly the color of © 


light, or for that matter the invisible waves of light as well, 


is different according to the length of the undulation pro- 


ducing the light. Red light, for example, is due to a com- 
paratively long undulation and corresponds to a deep sound, 
while a violet light is due to a short undulation and corre- 
sponds to an acute sound. 

Perception of Light by the Retina—The vibrations of 
the frequencies of the spectrum are perceived by the 
retina only within distinct limits. If a beam of white 
light, from the sun, for example, be transmitted through 
a prism, the light rays are refracted and dispersed, and 


a prismatic spectrum is obtained. White light when | 
transmitted through a shutter into a dark room and per- 


mitted to fall on a screen will form a spectrum, assuming 
a definite order, ie., from the least refrangible red to the 
most refrangible violet. 

White light contains, therefore, all the frequencies of.the 
spectrum, the dark or infra-red waves are refracted least, 
and do not act upon the retina, and are, therefore, invisible. 
They act, however, upon sensory nerves, and give rise to the 
sensation of heat. From Fraunhofer’s line, A, onward, 
the oscillations of light affect the retina in the following 

order and constitute the visible spectrum: red with 481 
_ pillions per second, orange with 532, yellow with 563, green 
with 607, blue with 653, indigo with 676, and violet with 
764 billions per second. — 

The sensation of color, therefore, depends upon the num- 
ber of vibrations of the light ether, just as the pitch of a 
note depends upon the number of vibrations of the sounding 
‘body. The number of vibrations for each color is constant. 
There is no color on earth, all colors are in the light, and 
they manifest themselves as one color or another according 
to the objects upon which they fall. To perceive a color it 
is essential that a certain amount of light fall upon. the 
retina. At the lowest degree of brightness, blue gives a 
color sensation with an amount of light 16 times less than 


Te. 


required for re 2 
tion or freqtiency applie 
gations of color, the am 
a the waves, or distance O 
~ puscles from the imaginary line 

intensity of the impression of ligh 
a note depends upon 


a 
? 


sounding body. When 
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d. White light of different periods of vibra- — 
d to the eye excites the different sen- 
plitude of the vibrations, height of 
f the swing of the oscillating cor- 
line called a ray, determine the 
t, just as the loudness of 
the amplitude of the vibrations of the 
all the frequencies fall simulta- 
the sensation of white is expe- 


< 


neously upon the retina, 
rienced. 

By reuniting 
prisms white ligh 


the colors of the spectrum obtained by 
t is again obtained. Ii none of the vibra- 


of light reach the retina, there is what may be termed 


absence of sensation of light and color, rather than 
| i ropagated in a Straight Line.—While the propa- 
lig it is always regarded as in an absolutely 
in a homogeneous medium, the oscillating 
Meeerates and length of swing really 
dal in character, and if, represented 

ay of it could be obtained, would prac- 

‘sine. The length of the wave is from 


iE ting or swinging corpuscles which represent 

ns of light are at right angles to the hypothetical 

nown as ray. With increasing frequency of these 

tions the amplitude of the curves becomes less and the 
waves shorter. For example, in the same length of ray, a 
centimetre, a greater number will be contained. A single 


“ray cannot be obtained alone, however, but only pencils con- 
sisting of a number of rays. 


Parallel, Divergent and Convergent Rays.—lIf these are 


ata great distance from the source of light, and the vibra- 


tions are very small, they will be parallel. This “luminous 


a pencil,” or beam, is, therefore, said to be parallel when it is 


*Landois and Stirling, p..982. 
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composed of parallel rays; divergent, when the rays separate ;_ = the distance be increased four times, the strength of this 
from each other; and convergent, when they tend toward —_— i - source of light must be multiplied by 16 in order to gain an 
the same point. | 4 equally powerful illumination. © 
The effect of color is produced in the eye by the varying Z When the effective light rays strike a surface at right 
frequencies of the vibrations. For each color the number = 4 angles, the most powerful illumination takes place. : 
of vibrations is constant, but in a given medium the wave | 4 When the illumination is oblique fewer rays fall on 
length differs. the same plane; some of the rays naturally are longer, 
Velocity of Light—Light moves with such a velocity and, therefore, when they strike the plane, they are also 
that at the surface of the earth there is, to ordinary observa- feebler. 
tion, no appreciable interval between the occurrence of any : The brightness of illuminating bodies depends on their 
luminous phenomenon and its perception by the eye. . — 3 distance from the source of light, and on their position in 
The Transmission of: Light Rays.—Through the free , E relation to it as well as upon the intensity of light in each 
ether in a-vacuum, and almost equally so in air, light rays . = 3 single point, and on the size of the illuminating plane. 
are transmitted with equal velocity. The number of vibra- i. o (2) The intensity of illumination which is received 
tions are, therefore, small or great in proportion as the waves +, - obliquely is proportional to the cosine of the angle which 
are long or short. | 4 the luminous ray makes with the normal to the illuminated 
The: velocity of light is estimated at 190,000 miles, surface. | 
300,000 kilometres per - second, Or 30,000,000,000 centi- * “It is owing to the divergence of the luminous rays 
metres per second.* | emitted from the same source that the intensity of the light 
The stars nearest the earth are separated from it by at is inversely as the square of the distance.. The illumina- 
least 206,265 times the distance of the sun; therefore, the q tion of a surface placed in a beam of parallel luminous rays 
light which they send requires more than three years to : 4 a is the same at all distances in a vacuum. In air and other 
Teach us. : | a transparent media the intensity of light decreases in con- 
The visible frequencies are to be found between 763 and : | sequence of absorption more rapidly than the square of the 
395 billions per second, quite generally given as 760 to 390 ——TTT distance. The law of the cosine applies to rays emitted 
billions per second. 4 4 obliquely by a luminous source; that is, the rays are less in- 
Light Intensity and its Laws.—By intensity of illumina- ! 7 E tense in proportion as they are more inclined to the surface 
tion is understood the quantity of light received on the unit : 4 which emits them. They correspond in this respect to the 
of surface. | | q third law of radiant heat. : 
The intensity of light is governed by the following laws: ° q | 4 Light Standards.—There is no absolute unit of either 
(1) The intensity of illumination on a given surface — = physical or physiological light. There are, however, certain 
due to a point surface of light is inversely as the square is _ standard sources of light, the intensity of whose light is 
the distance from the source. By doubling the distance the | 4 taken as unity. (1) The British Standard Sperm Can- 
strength of the light is diminished to one-fourth. I¢£ it be yt dle burning at the rate of two grains per minute. 
increased threefold the strength of light is one-ninth, Tf © 1 (2) The Vernon-Harcourt-Pentane Standard, in which 


is 
a 


*Landauer. 1Ganot’s Physics. 


* 








28 ae LIGHT ENERGY. 


a gas flame of a given height, observed through an 
opening of definite size, consumes pentane, a variety 
Ol “coal -oil = (3) “MhercGarce Colza-Oil Lamp, burn- 
ing 32 grammes of pure Colza oil per hour at a flame 
height of 40 millimetres. (4) The Hefner Altneck Amyl- 
Acetate Lamp, in which the flame stands at an elevation of 
40 millimetres. The latter is generally known as the Ger- 
man unit, the first as the English unit and the third as the 
French unit. There are also the Violle Standard Platinum 
Lamp and the Reichsanstalt Standard, the one depending 


upon the light emitted by one square of platinum at the tem- - 


perature of solidification and: the other upon the light 
emitted from a square centimetre of platinum at a definite 
high temperature. | 

The eye is not sufficiently accurate to estimate even 
approximately the relative brightness of the illuminating 
planes, or in the event of varying intensity of two given 
points from the same source. For this purpose photo- 
meters are used. , 3 

Photometers.—By a photometer is understood an appa- 
ratus for measuring the relative illuminating powers of dif- 
ferent sources of light. With the rays falling perpendicu- 
larly upon a unit area, the illuminating power of a source of 
light is the quantity received by the unit area at unit distance 
from the source. : 

Bunsen’s Photometer.—The principle of this photometer 
depends upon the fact that when a grease spot is made on a 
piece of bibulous paper, if the paper be illuminated by a light 
placed in front, the spot appears darker than the surrounding 
space ; if, on the contrary, it be illuminated from behind, the 
spot appears light on a dark ground; if the grease spot and 
the rest appear unchanged, the illumination on both sides is 
the same. 

With different light intensities this result is obtained 
by leaving the one stationary and moving the other nearer 


“Houston and Kennelly: Electric Arc Lighting, 
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hs bright as the surrounding paper. 
a 


=> 
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Sh oe 
a a " ee fee cone 
grease spot will become inv : 
measuring the distance of the light from the screen 
: of a scale, their relative illuminating powers are 
y "oe as the squares of their distance. 
ee make these photometric measurements, light of a cer- 
Be orsity, varying in different countries, as has been 
ted, is used as a standard. | 3 : 
Be nford’s Photometer.—This consists of a ground 
glass screen, in front of which is fixed an opaque Boe a 
lights to be compared, a lamp and a candle, for ee: y 
are placed at a certain distance in such a eee n 
each projects on the screen a shadow ot the any 
shadows are at first of unequal intensity, but by 2 2 
the position of the lamp, the latter may be so p a : 
that the intensity of the two shadows is the same. ; : 
since the shadow thrown by the lamp is ce 2 
the candle, and that thrown by the candle is illuminated by 
the lamp, the illumination of the screen, due to each ae 
of light, is the same. The illuminating power of t e Me 
sources, that is, the illumination which they would give = 
equal distance, is then directly proportional to the a 2 
their distances from the shadows. Or, in other words, 1 
the lamp is three times the distance of the candle, its illumi- 
ing r is nine times as great. 
Bice ore quite a number of other photometers with 
which the reader may familiarize himself by reference to 
books on physics. 
Be doccenent of Light by the Actinometer.— In 
the actinometer, an instrument is to be had _ for the 2 
measurement of light. That light may be used systemati- 
cally in order to secure a uniformity of usage, precise dosage 
c “The cal of the actinometer involves the play of a 
rays of light upon a platino-cyanide of barium screen, - 
then determining the thickness of a solution of ammoniatec 
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sulphate of copper necessary to cut off the chemical fre- 
quencies. 3 

It 4s composed of a little black chamber in brass of 
cubical form. There is a circular orifice on the anterior 
part closed by a disc of quartz, which permits the entrance 
of the violet and ultra-violet light. On the posterior part 


there is cemented a tube of crystal in which glides, drawn. 
by a rack, a tube of brass closed in its anterior portion by a> 


plate of quartz. This plate is covered on the face that looks 
toward the interior half with platino-cyanide and half with 
an absolutely opaque black varnish. A standard solution of 
ammoniacal sulphate is turned into the apparatus. If this 
actinometer is directed toward a luminous source, then 
with a convenient thickness of the absorbent liquid, the 
luminosity of the half the quartz plate covered with platino- 
cyanide, which had become fluorescent, disappears. From 
the thickness of the ammoniated sulphate-of-copper solu- 
tion necessary to obtain this result, the chemical power of 
the light source is estimated. 3 

Superimposed strips of sensitive paper are also used to 
measure chemical light intensity, and observations are taken 
of the progress of the photographic effect. 
Larsen? measured the blackening of chloride-of-silver 
paper as the light passes through. 

By adding certain coloring matters to the bromide-of- 

silver paper they may be rendered sensitive to frequencies 

of other regions than the blue violet and ultra-violet. This 
is the case with rhodamin, as shown by Andresen, which is 
sensitive to yellow light; the bromide of silver remains very 
sensitive to blue violet, but this is counteracted by the use 
of yellow filters. The sensitiveness of Andresen’s rhodamin 
—bromide-of-silver paper, as well as of other papers, was 
proved by Eder in a series of experiments. These showed 
that certain photometer papers are affected by the different 
regions of the spectrum, according as they are exposed to a 


‘Quoted by Freund: - 


count the concentration an 
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It is necessary to take into ac- 
d quality of the filtering color 
he blue and violet rays—which become 


more or less strong light. 


used to exclude t 


ive with long exposures. — | | 
cn again there are electric photometers based on a 
. R 


‘ar property of selenium. ? : 
Be ra.violet rays favor the formation of an electric 
s ultra- 


k. this property has been utilized for the construction 
, at Larsen, whose device it is, termed an actinoscope. 
oS ark of a static machine or a Rhumkorff coil will cross 
ccc: spark gap if the negative terminal be exposed to 
a lo 

-violet energy. | aa 
Be fection _When a ray of light meets a polished ou 
face, it is reflected according to the two following laws: 

: I The angle of reflection is equal to the angle O 
incidence. , 
a II. The incident and the reflected ray are both in the 


the reflecting 
same plane, which is perpendicular to 


face. 
a F e light which falls on a rough non-luminous body 1s 


partly absorbed or transmitted, and the Sater ue ee 
thrown back on ali sides, makes the object a Co ae 

smooth polished surfaces, however, mirrors, a = ae 
the light is only reflected in certain definite mines 10 ee 
sufficiently smooth is meant a surface the ridges a SC : . 
of which are decidedly smaller than the wave Se : 
light. If they are less than one-quarter of the RS ee 

(less than 1/200000 of an inch) they do not ee 
breaking up of the waves, and optically are oe ne 
quite smooth. Mirrors are polished by scratching = 
all over with a very fine powder, which makes scratche 

finer than 1/200000 of an inch. The as Be 
duced at the point of the reflecting surface a a = 
impinges is in the same plane as the incident and reflec 
ray, and both form identical angles with it. 


*Ganot’s Physics. 
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Mirrors in connection with the use of light concern the 
therapeutist, as they are used with various light mechanism 
to reflect the light either (1) directly upon the lenses of light- 


condensing apparatus, or (2) directly upon the surface of 


the patient’s nude body. They are divided according to 
their shape into plane, spherical (concave and convex), 
parabolic, conical, etc. 


Rays of light which diverge from any point of an object 4 


and fall upon a mirror are caused either to converge to, or 
to appear to diverge from a second point. In either case 
the second point is called the image of the first point. 

Plane Mirrors.—The images of objects in plane mirrors 
are always exactly opposite the objects, and each is as far 
behind the mirror as the object is in front. The action is dit- 
ferent with curved mirrors, concave and convex. 

Concave Mirrors——A concave mirror, spherical shape, 
curved and polished’ on the inside, may produce a real 
convergence to a point. For example, light reflected upon 
a concave mirror will converge upon a point in mid air, and 
that point is the focus.. Were it convex instead of concave, 
the impingement of light waves upon it and their reflection 
would cause a divergence of the waves. There would no 
longer be a real focus. Light rays falling on a spherically 
curved concave mirror, so as to pass through the centre 
of the sphere, are called axis rays. The spherical centre 
is called the centre of curvature, and the straight line 
passing through this point and the curve centre of the 
mirror itself is the optical axis of the mirror. Axis 
rays are reflected back directly. The sun’s rays com- 
ing from an infinite distance are reflected in such a manner 
that all pass through the focus. This is also the burning 
point. The focus is the point of convergence of all the rays 
that strike the mirror parallel with the axis. This focus 
lies on the main axis, and is midway between the mirror 
centre and the sphere centre. With the approach of the 
source of light to the mirror, so that its rays are no longer 
parallel to each other, the focus-recedes further and further, 


7 even to infinity. When the source of light is in the focus 


- ‘the reflected rays are then parallel. When the source of 


-. 
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light is brought between the focus and the surface of the 


mirror, they become divergent. 
Parabolic Mirrors.—Parabolic mirrors are concave mir- 


- rors whose surface is generated by the revolution of the 


arc of the parabola. All rays after reflection meet in the 
focus of the mirror and conversely, when a source of light 
is placed in the focus, the rays incident to the mirror are 


; reflected exactly parallel to the axis. The light thus reflected 


tends to maintain its intensity even at a great distance, as it 


“is the divergence of the luminous rays which principally 


weakens the intensity of light. It is because of this property | 
that parabolic mirrors are used as projectors in railway 
trains, carriage lamps, etc. 

The Mangin Mirror—This dioptric reflector is a glass 


‘mirror of special form. It consists of a spherical mirror 


whose inner and outer surfaces are of different radii; ~ The 
outer surface is silvered so that the rays proceeding from the 
arc pass inward, ie., to the mirror at the back of the mechan- 
ism before being projected outward as parallel rays. This 
is true of all frequencies of more than 30 micro-centimetres 
in length. Frequencies of shorter length, te., the ultra-vio- 
let, do not pass outward through the mirror of glass because 
of their wave length. This is the mirror provided in the 


“marine searchlight mechanism, described in another chapter. 


Application of Mirrors——The application of plane mir- 


_ rors does not concern us here. Concave mirrors are largely 


used in therapeutic work: (1) to reflect the light of an arc 


~ upon a condensing lens; (2) to reflect the sun’s rays or the 
q light of the arc upon the patient’s body. Simple concave 


silvered mirrors are used to reflect the light of the arc in the 
cabinet devoted to therapeutic work. Concave mirrors serve 


4 to concentrate greater quantities of light than can be done 
3 with lenses. The mirrors used by Kime for concentrating 


solar light are of this type. Parabolic mirrors absorb but 


# little light and can be used at suitable focal distances, 
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=~ Focal Length—The point of convergence of the parallel 
rays is the principal focus of the mirror; its distance from — 


the mirror is the focal length. 

Refraction.—By refraction is understood the deflection 
or bending which the rays of light experience in passing 
obliquely from one medium to another; for example, from 
air into water. If the incident ray is perpendicular to the 
surface, separating the two media, it is not bent but con- 
tinues its course in a straight line. The incident ray is the 
one which strikes the water, and the refracted ray is the ray 
that is bent in the second medium, in this instance, the water. 


The two angles which these rays form, with a line per-_ 


pendicular to the surface of the water, separating in this 
instance the two media, the first between the incident ray 
and the line normal to the surface is the angle of incidence, 
and the other formed by the refracting ray and the per- 
pendicular line as it extends into the water, the angle of 
refraction. 

The second medium is more or less refracting than the 
first, according as the refracting ray approaches or deviates 
from the normal. 

All the light which falls on the surface of a refracting 
substance does not pass into it completely; one part is re- 
flected regularly or diffusely, while another penetrates into 
the medium. 


In media which are uncrystallized, such as air, liquids, | 


ordinary glass, the luminous ray is singly reflected; but in 
certain crystallized bodies, such as Iceland spar, selenite, 
etc., the incident ray gives rise to two refracted rays. This 
phenomenon is that of double refraction. 

The following law prevails when a luminous ray is re- 


- fracted from one medium into another of different refractive 


power. | 
I. Whatever the obliquity of the incident ray, the 
ratio which the sine of the incident angle bears to the sine of 
the angle of refraction is constant for the same media and 
the same colored light, but varies with different media. 


y 
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If the light passes from a rare to a denser medium, the 


a reflected ray approaches the perpendicular, otherwise it re- 


cedes from it. In order that refraction may take place, the 
incident ray must form an acute angle with the normal; 
+¢ it form a right angle, it traverses the medium in a straight 


line. Rays impinging at right angles on the dividing sur- 


face of two transparent bodies are more refracted. 


Index of Refraction—By index of refraction is tnder- 
stood the ratio between the sines of the incident and refracted 
angles, sometimes spoken of as the refractive index, of the 
second medium with respect to the first. | | 

The respective index varies with the media ; for example, 
from air to water it is 4-3 and from air to glass it is 
B2. if the media are considered in an inverse order, that 
is, if light passes from water to air instead of air to water, 
or from glass to air, it follows the same course but in a 
contrary direction. Therefore, the refractive index: 1s re- 


versed; from water to air it is 3-4, and from glass to 


water 2-3. 
The index of refraction of one medium to another on the 


undulatory theory of light is the ratio of velocity with 
which light travels in the second medium to that which it 
travels in the first. For example, the velocity of light in 
elass is 2-3, and in water 3-4 of its velocity in empty space. 
The refractive index depends on the rate of vibrational 
activity of the light corpuscles or its colors. 

The refractive indices of the following substances are 


for D light and at a temperature of 20°. | 


Alcohol 

Carbon sulphide 

a-bromnaphthalene 

Ethyl cinnamate at 18.80 

Common glass 

MO ACS ee se 
Jena, heaviest silicate flint glass No. 557.... 
Quartz, ordinary ray 

Fluorspar 

Air O° and 760 mm 
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Plates with plane parallel surfaces cause the incident ray 
to be as much deflected toward the perpendicular as the 
issuing ray is bent from it; the two rays are, therefore, 
parallel to one another. | 

Lenses.—These are transparent media, which from the 
curvature of their surfaces have the property of causing the 
luminous rays which traverse them either to converge or 
diverge. They vary according to their curvature, and are 
either spherical, cylindrical, elliptical or parabolic. By a com- 
bination of their spherical surfaces either with each other or 
with plane surfaces, the number of different lenses is in- 


creased. Of these the double convex, plane convex and | 


concave convex are all converging or convex lenses. They 
are thicker in the middle than at the-edges. Concave lenses 
are thinner in the centre and thicker at the edges. 

In lenses where the surfaces are spherical, the centres for 
these surfaces are called centres of curvature, and the right 
line which passes through these two centres is the principal 
axis. In or near every lens there is a point called the 
optical centre, which is situated on the axis, and which has 
the property that any luminous ray passing through it ex- 
periences an angular deviation; that is, the emergent ray is 
parallel to the incident ray. f 3 

Rays striking a concave lens parallel with the axis are 
dispersed after refraction. The axial rays passing through 
the centre of the lens are not refraction. 

Objects viewed through a concave lens appear smaller 
and nearer. 2 

The images formed by different forms of lenses do not 
concern us in this connection. 

Refraction of Sun’s Rays in a Double Convex Lens.— 
If the sun’s rays be allowed to pass through a lens con- 
vex on both sides, they are refracted so as to converge as one 
point of light at a certain distance from the lens, dependent 
upon the focal length of the lens. If a piece of paper or 
wood be held at this converging point or focus, it will 
become heated and finally ignite. This is the principle of the 


- 


The convex 


parallel with t 
= a of them pass through the focus. 
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s referred to under the physics of radiant heat. 


ae lens acts, therefore, as a burning olass. 


Refraction of Light Rays Parallel with the Axis by Con- 


Lenses.— When light rays impinge on a convex lens, 

' he axis of the lens, they are so refracted that. 
Focal Rays in Relation to Convex Lenses.—When light 
rays have passed through a focus and then impinge upon a 
convex lens they become after refraction parallel with the 
axis of the lens. The axial rays pass through without 


refraction. 


The Focal Length of a Lens and the Nature of the 
Refractive Index of its Material——By focal distance is 
understood the distance of the focus from the centre of the 
lens. : | 
Both of these factors enter into the construction of lenses 
to be used in connection with sources of light energy in 
therapeutic work. Both are determined mathematically. 
The transparency of quartz to the frequencies of the ultra- 
violet region is dependent upon the nature of its refraction. 

The Effect of Lenses Dependent upon Their Diameter, — 
Curve and Refractive Power of Their Substance.—The 
diameter and curve of lenses govern their effect as does 
also the refractive power of the substance from which they 
are cut. For example, glass or quartz. © _ 

Spherical Aberration and Chromatic Aberration.— 
When parallel rays strike a spherical lens close. to the 
edge, they do not converge in one focus after reflection, but 
spread over a wider zone, whose axis is the focal line proper. 


The same is true of large spherical mirrors. To this phe- 


nomenon is given the name of spherical aberration. Its 
effect is to blur the image. It is especially prone to occur 
with thick lenses. 

Lenses are also subject to chromatic aberration. As the 
term implies, they break up white light into its component 
parts, as does a prism. If a bundle of rays be thrown ona 
convex lens parallel to the optical axis, the violet rays which 
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are refracted at the sharper angles will intersect each other 
behind the lens at a shorter distance from it than the other 
rays, the longer, slower and less refrangible red will inter- 
sect at the greatest distance. At whatever point the image 
is caught but one color stands out distinctly, all the others 
are blurred. | | 
Reflection and Refraction—Both of these phenomena 
are of concern in the therapeutic uses of light. The imping- 
ing light is not reflected. A part finds its way into the 
second medium. This means that there is a certain loss of 
light. The amount of loss by reflection depends (1) on the 
nature af the media; (2) on the direction of the rays. 
Refraction is seen in all its beauty in the diamond, in cut 


glass and in the prismatic pendants from cut glass. 


Transformation of Refracted Light Energy —All of the 
refracted light does not pass through the second medium. A 
part is used up in it and is converted into other forms of 
energy; for instance, heat, chemical energy, etc. 

Reflected Light of Less Candle-power than Incident 
Light.—If the total strength of the light reflected by a body 
and that which passes through it be measured photomet- 
rically, it will be found to be less than that of the impinging 
light. | | 

Prisms in Relation to the Decomposition of White Light. 
—If a beam of light pass through a prism it is diverted 
from its original direction and resolved into its component 


colors. There appear the colors of the spectrum, red, 


orange, yellow, green, blue, violet. These colors are not of 
sharp definition but merge insensibly into one another. 
Dispersion.—Reflection not only changes the direction of 
a ray of light, but if it is not homogeneous, its nature is-also 
modified; a ray of light is converted into a rainbow-colored 
band, as may easily be seen by the help of a prism. The 


many colored light rays are transmitted with uniform 


velocity in a vacuum, but in.a denser medium the more 
rapidly vibrating violet rays undergo a greater retardation 
than the red rays which vibrate more slowly; the former, 
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: latter. Pas- 

ted more strongly than the 
Sno more strongly refracts the com- 
t decomposed any further ; they 
and if combined by 


orefore, 

hrough a second prism 

- rays but they are no 

erefore simple and homogencots fe 
) ite light is again pro : 

coercion —As a rule the refractive a 

1 is greater the smaller the wave length O a 

ifemt; in the visible spectrum the index steadily 

in passing from red to blue. There are substances 

hot conform to this rule. Their solutions when em- 

fracting and dispersing agents exhibit the inverse 

between refractive index and dispersion. To 

non is given the name of Abnormal Dispersion. 

ransparent, Translucent and Opaque Bodies. 

ninous when they emit light, the sun, and 

andescent solid or filament, for example. 

jes. — Bodies which readily transmit 

slass, gases permitting objects to be 

are transparent or diaphanous. 

Those bodies which permit the 

bility to distinguish objects are 

und glass, oil paper, milk, 

superficial parts of the living 

hand, and even deeper tissues. 


s, are said to be opaque. Their opacity depends 
ckness of their substance. No bodies can be 


less translucent. For example, the object glass of a 

scope thinly silvered is so transparent that the sun may 
ewed through it without danger to the eye, as the 

Ilic surface reflects the greater part of the radiation 


which falls upon it. On the other hand, no body can be said 
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to be absolutely transparent. There would be no absorption 
in such a case. 3 ) 

Different media transmit different wave lengths. For 
example, glass which is transparent to light is not trans- 
parent to ultra-violet light. 

Physical Condition of the Sun.— As an explanation 
ot the. occtirrence of the dark lines in the. solar spec- 
trum, Kirchhoff concluded that the atmosphere of the 
sun encloses a luminous mass which emits a continuous 
spectrum of high illuminating power. This inner por- 


tion 1s either solid or liquid, and at a higher temperature than | 
the atmosphere. Subsequent and more recent investigations, _ 


however, show that the sun is much more complex than 


Kirchhoff imagined. The nature of the inner nucleus of the 


sun can only be conjectured, as it is beyond the reach of 
observation. In all probability it consists of a gas at an 
extremely high temperature, and under such an enormous 
pressure that its properties must resemble to some extent 
those of a viscous substance, like putty. Surrounding this 
nucleus is the photosphere, composed of glowing cloud-like 
masses of vapor; it forms the visible surface and appears to 
correspond with the clouds in the terrestrial atmosphere. It 
is unknown whether it is separated from the nucleus by a 
definite surface. Externally, it is sharply but irregularly 
confined, being elevated in some places into facule, and in 
others depressed, forming spots. The reversing layer is 
situated directly over the photosphere and produces the 
Fraunhofer lines. Its thickness is only about 1,000 miles. 
The gases composing the reversing layer are not confined 
exclusively to the surface of the photosphere. They also 
occupy the spaces between the photospheric clouds and con- 
stitute the atmosphere in which these float. Above the 
reversing layer is the scarlet red chromosphere, consisting 
of uncondensed gases,—hydrogen and helium. Numerous 
prominences extend from this far beyond the surface of the 
sun. The exterior portion of the sun is termed the corona, 
it consists of clouds and irregular streams of light and 


ae jameter of the solar atm 
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+t of its volume is outside of it. 
osphere is at least double that 


‘ts volume consequently seven 
ae Bris | ae ot the atmosphere of the 
ee e an atmosphere sufficient to volatilize 
a a ae the sun’s mean density is low, there. 1S 
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ed in places into cloud-like masses of ae 
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‘its irregular appearance, and the soli 

them cause luminosity and produce a 

ike the solid particles in an ordinary 


spots exhibits a number of dark 
cium, iron, titanium, etc., are 


e to gases and vapors rushing in 
bsorbing the light emitted from the 


: culous region surrounding it. From this it iS 
probable that the faculz are not mere protrusions 
e photosphere, but luminous masses of calcium 
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The emission spectrum of the reversing layer, the cause 
of the Fraunhofer dark lines, can only be observed during 
a total eclipse; at the moment when the sun is completely 
obscured by the moon, the lines of the whole spectrum are 
seen to flash out brightly luminous. 

The infrequent occurrence of this phenomenon commands 
the attention of the spectroscopist wherever he may be and 
astronomical expeditions journey to the ends of the earth to 
witness it. 

This flashing spectrum was first seen by Young at the 
total eclipse of the sun in Spain on December 22, 1870. The 
moon had almost hidden the sun, the black lines were still 
visible, but at the exact moment when totality occurred, he 
saw the black .lines disappear and “all at once, as suddenly 
as a bursting rocket shoots out its stars, the whole field of 
view was filled with more numerous bright lines than one 
could count.’ 

The Chromosphere and its Prominences——A_ spectro- 
scope of high dispersive power, the slit widely open, 
permits a study of the spectra of the chromosphere 
and a view of the whole prominence if not too large. The 
prominences appear to bear a certain relationship to the 
sun’s spots and faculz; they are divided into two classes, 
quiescent, cloudlike, or hydrogen and helium prominences, 
and eruptive or metallic ones. The former resemble terres- 
trial clouds in appearance; the latter are -highly luminous, 
but the degree of luminosity and the shape change with 
extreme rapidity. Their spectra are very complicated. 

The Corona.—Much uncertainty prevails as to the nature 
of the corona. It is only visible during a total eclipse. The 
spectrum presents a double line in the green region 1,474 K. 
of wave lengths 5,316.87. 3 

One of these lines is supposed to be due to iron as it 
coincides end to end with an absorption black line in the 
spectrum of the sun’s surface far below. The other does 


“Young. 


it is as yet uncer 
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ncide with the line of any mode of matter yet a on 
The substance is named coronium and awaits iden- 
fon The most plentiful gas in the corona is hydrogen. 
i also is present, and thus far about 30 substances 
‘been identifi f their lines. 
een identified by means oO | 
is now generally admitted that the corona consists of 
nosphere extending 300,000 miles and of extreme 


tain as to the true nature of the coronal 


manent aurora, 
Me They are regarded as a pet 


on and direction being determined by the sun's 
field of force as the terrestrial field of force direct 
- the aurora borealis; again they are believed to 
lioht emitted and reflected from streams of matter 
# : by forces acting in general, along lines 
ce ‘of the sun, and most active near the 

ot zone. 
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the intervening air. For 


t the solar rays concentrated by this arrange- 
t a piece of wood placed in focus. Heat is also 


long the bar. In this discussion of the subject, 
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however, it is radiant heat which concerns us, the heat - 


radiated from the sun or from a source of artificial light, 
the ordinary incandescent lamp, for example. 
These bodies, therefore, send out rays capable of exciting 


the phenomena of heat, and these heat radiations (invisible 


light rays) penetrate the air without heating it, as rays of 
light through transparent bodies. The terms rays of heat, 
calorific rays or, as the author prefers, in discussing heat 
from radiant sources, thermal frequencies, are used in the 
same sense as ray of light, luminous rays, or visible light fre- 
quencies. Bodies of all temperatures have the power of 
radiating heat, nor is it necessary that they should be lumi- 
nous as a fire or red hot ball. From bodies of sufficient tem- 
perature, heat radiations proceed which may be termed 


luminous, from others obscure heat. The brightly glowing 


anthracite fire emits luminous heat rays, the steam radiator 
obscure rays. . 

Measurement of Radiant Heat.—The presence of radiant 
heat may be readily detected by the use of Melloni’s thermo- 
multiplier, which is a thermopile, connected with a delicate 
galvanometer. With this apparatus Melloni was able to 
measure differences of temperature of 1/5000 of a degree. 
A more sensitive apparatus is that of C. V. Boy’s radio-mi- 
crometer, which enables the detection of differences of tem- 
perature of 1/1000000 of a C.° : 

Radiation of heat is governed by the following laws :1 


I. Radiation takes place in all directions from a body. 
It does not matter in what direction in relation to a heated 
body a thermometer be placed, a rise in temperature from. 
every point is indicated. 

II. Ina homogeneous medium, radiation takes place in a 
right line. If a screen be placed in the right line which 
joins the source of heat and the thermometer, the latter is 
not affected. But in passing obliquely, however, from one 
medium into another, as from air into glass, the thermal rays 


"Ganot’s Physics, pp. 408, 400. 


- frequencies. 
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uencies are deviated the same as luminous rays of 
This effect is known as refraction, and is fully 
considered under the head of refraction of light. 
III. Radiant heat is propagated in vacuo as well as in 
ait. Fix a thermometer in the bottom of a glass flask, so that 


ot freq 


‘ts bulk occupies the centre of the flask. By the use of the 


blowpipe the neck of the flask is carefully Sea anid 

by the air pump the interior is exhausted to a proper egree 

of vacuum and then sealed. If the apparatus then be im 

metsed in hot water, or brought near hot charcoal, the: 
mercury in the thermometer at once rises. As glass . e 

bad conductor, the heat rays could not travel so rapidly 
through the sides of the flask and the thermometer, there- 
fore the increase of temperature must be by tadiaion 
through the vacuum. This phenomenon Is daily seen in 
X ray tubes and vacuum tubes excited by electric 
aces which Modify the Intensity of Radiant Heat.— 
There is understood by the intensity of radiant heat, at . . 
particular place, the quantity of heat received oh the ee 
of surface at that place. This intensity may be a 

by (1) the temperature of the source of heat, 2) its dis- 
tance, and (3) the obliquity of the calorific rays in reference 
to the surface which emits them. These modifications are 


reculated by the following laws: : 
“Tr The intensity of radiant heat is proportioned to the 


temperature of the source. . 

Il. The intensity is inversely as the square of the dis- 

rom the source. a 
os The intensity is less the greater the obliquity of the 
rays with respect to the radiating surface. 

The first law is so self-evident as not to need Sue 
tion, still if a metal box filled with water at nO 20° or a 
be placed successively at equal distances from a differentia 
thermometer, the temperatures indicated by the latter (5) 
will be found to be in the same ratio as the box ; for example, 
if the temperature of the thermometer corresponding to the 
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box at 10° indicates 2°, then that of the others will be Aon 


and 6° respectively. 

~The second law follows from the geometrical principle 
that the surface of a sphere increases as the square of its 
radius. Take a hollow sphere of any given radius, place 
a source of heat in the centre, each unit of surface in the 
interior receives a certain quantity of heat: now if the 


sphere of double the radius be used, a surface four times as . 
great will be presented to the source of radiating heat; the 
internal surface will, therefore, contain four times as many 


units of surface, and as the quantity of heat emitted is the 


same, each unit of surface will receive one-fourth the 


amount. 


The third modification is of less general applicability. 
The intensity is always less when the radiating rays are’ 


oblique to the radiating surface than- where they are per- 


pendicular. Expressed in mathematical formula, it is 2 


known as the law of the cosine; i.e., that the intensity of 
oblique rays is!proportional to the cosine of the angle which 


these rays form with the normal to the surface. This law is - 


not general, however; it has been known to be true only 
within narrow limits, i.e., with bodies which, like lampblack, 
are entirely destitute of reflecting power. 

Mobile Equilibrium—The theory of exchanges sug- 
gested by Prévost, of Geneva, in regard to radiant heat is 
now generally accepted. All bodies, whatever their tem- 
perature, constantly radiate heat in all directions. If 
two bodies of different temperatures be placed near one 
another, the one of higher temperature will experience 
a loss of heat through its emitting radiations greater 
than it receives; but the one of lower temperature will 
rise in temperature because it receives an energy of 
radiation higher than it emits. Both will ultimately come 
to have the same temperature, but there will still be an 
exchange of heat radiations between them. As the one does 
not receive under these physical conditions more than it 


emits, necessarily an equilibrium of temperature is reached. 


etac 
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This state is known as that of mobile equilibrium of tem- 
is 


re. 
ction of Heat.—The thermal frequencies or rays 


body are, generally speaking, divided 
a a Ans pa of a penetrates the body 
a Ae other rebounds or is repelled from the sur- 
a “like an elastic ball. This part of the thermal ac- 
ry is, therefore, reflected, and the reflection : heat 
rays, like those of light, is governed by the two following 


3 The angle of reflection is equal to the angle of inci- 


dence. 


Il. Both the incident and the reflected ray are in the 


ce 
same plane with the perpendicular to the reflecting s 


nace. ” : Le 
The absolute reflecting power at an angle of 50° is for 


‘silver plate 97°, gold 95°, brass 93°, Digan 82'.steel 
82°, zinc 81°, iron 77°, cast iron 74°. Lr herefore of the 
baser metals brass first, steel next and Zinc third afford when 
polished the best reflecting surface for the lining of an incan- 
descent cabinet for example, where the maximum thermal 
activity is required. Steel would seem to be the most prac- 
tical substance from every point of view. oe 

Reflection in a Vacuum.—Different conditions obtain 1n 
vacuo and in the air, the former being cooled or heated by 
radiation alone, the latter by contact with the air according 
as it is cooler or hotter than the radiating body. The quan- 
tity of heat gained or lost in a second is governed by the 
temperature; it is greater according as the difference of 
temperature is greater. 

Burning Mirrors——From the high temperature produced 
in the foci of concave mirrors, they have been called burning 
mirrors. It is stated that Archimedes burnt the Roman ves- 
sels before Syracuse by means of such mirrors. Button con- 
structed burning mirrors of such~power as to prove tnat the 
feat attributed to Archimedes was not impossible. The mir- 
rors were made up of silver plane mirrors about 8 inches 
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long by 5 inches broad. They could be turned indepen- 
dently of each other in such a manner that the rays reflected 
from each coincided at the same point. With 128 mirrors 
and a hot summer’s sun Buffon ignited a plank of tarred 
wood at a distance of 70 feet. The concavity of the Mangin 
mirror at the back of the marine searchlight accounts tor 
the extreme heat of the beam of light proceeding from it, 
a temperature much beyond that of arcs of the same 


_ amperage when not so reflected. The power of throwing 


off a greater or less proportion of its incident heat, is known 
as its reflecting power, and it varies with different sub- 
stances. Of the metals, and also other substances, taking 
brass as the unit at 100, their relative reflecting power is as 
follows: 


Polished brass 100 But their absolute reflecting power 
Silver go is the relation of the quantity of heat 
Steel 70 reflected to the quantity of heat re- 
Lead 60 ceived. 

Indian ink 13%: 

Glass 10 

Oiled glass 5 

Lampblack O Q 


The Absorption of Heat.—Heat, in common with light, 
is absorbed, and the absorbing power of a body is its 
power which permits a greater or less quantity of the 
heat which falls upon it to pass into its mass. The 
absolute value of the absorbing power is the ratio of 
the quantity of heat absorbed to the quantity of heat 
received. The absorbing power of a body is always in- 
versely as its reflecting surface: a body which is a good 
absorbent is a bad reflector, and vice versa. The sum of 
the reflected and absorbed heat is always less than the inci- 
dent heat. The latter is divided into three parts: (1) one 
which is absorbed, (2) another which is reflected regularly 
according to the laws for reflection of heat, and (3) which 
is irregularly reflected in all directions, and which is called 
scattered or diffused heat. A part of the heat may also pass 
through a substance as light passes through glass. Various 
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substances Possess varying powers of heat absorption. The 
radiating or emissive power of a body is its capability of 
emitting at the same temperature, and with the same extent 
of surface, greater or less quantities of heat. : 
From experimental data the identity of the absorbing 


| and radiating power has been determined. 


As they are equal, any cause which affects the one will 
affect the other as well. Whatever increases the reflecting 
power diminishes the radiating and absorbing power, and 
vice versa. These different powers vary with different 
bodies and even in the same bodies, they are modified, for 
example, by the degree of polish in metals. They are also 


‘modified by the density, the thickness of the radiating sub- 
stance, the obliquity of the incident reflected rays, and lastly, 


by the manner of the source of heat. Metals have the great- 
est reflecting power, lampblack the least.? 

Vibration of the ‘Particles of a Heated Body.—A 
heated body is to be regarded as one whose particles 
are in a state of vibration, and the higher the temperature 
of the body, the more rapid are these vibrations. A diminu- 
tion in temperature is but a diminution in the rapidity 
of vibration of the particles. The propagation of heat 


through a bar is due to a gradual communication of 


the vibratory motion from the heated part to the rest 
of the bar. The propagation of this motion of heat vibra- 
tions even through the best conductors is comparatively 
slow. There is a difference in different substances, some 
transmitting the vibratory motion from particle to particle 
much more rapidly than others. When a screen is removed 
from before a fire or the clouds drift away from the face of 
the sun, the sensation of heat is instantly perceived. Here 
the heat radiations pass from the one body to the other with- 
out affecting the temperature of the space through which it 
passes. The particles of a heated body being in a state of 
intensely rapid vibration communicate their motion to the 


*Ganot’s Physics, sec. 431, Dp. 419. 
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ether around them, the particles of which are set in stucces- os 


sive vibration and hence give rise to waves in the ether which 
travel through space and pass from one body to another 
with the velocity of light. A ray of heat is merely a series 
of waves moving in a certain direction. In heated bodies, 
definite wave lengths are emitted according to its tempera- 
ture. In other words, its particles vibrate in a certain period. 
The higher the temperature, the shorter the wave lengths 
and the more frequent because of the more rapid vibrations, 
but they coexist, however, with all those previously emitted 


by the same body. The motion is therefore at each sticces- 


sive temperature a compound of all preceding ones. The 
carbon filament of an incandescent lamp at a certain tempera- 
ture, dependent upon the E. M. F. and R. of the current 


used, becomes dull red, i.e., its particles vibrate at a definite ~ 


period and there is an emission of slow waves of long length. 


Bring it to a brighter glow and there are shorter and more © 


frequent waves, while brought to full incandescence means 
still more rapid vibrational activity of the carbon filament 
under excitation by the electric current, and therefore waves 
still shorter and more frequent, but this latter vibrational 
activity gives not only the shorter and more frequent but all 
the wave lengths which have preceded it. It is a complex 
of the whole. So is the radiant energy of the sun and of the 
electric arc a complex of all the rates of vibrational activity 
from the lowest to the highest. The optic nerve is insensible 


to a large number of the wave lengths thus produced, appre- _ 


hending only those that form the visible spectrum. Though 
intense motion may pass through the humors of the eye, yet 
if the undulations of these oscillating corpuscles be lower 
than the red or higher than the violet yet we shall be entirely 
unconscious of the fact, for the optic nerve cannot take up 
and respond to the vibrations which exist beyond the ends of 
the visible spectrum, either below the red or above the violet. 
These latter are invisible or obscure rays. ~ 

Some flames, that of a Bunsen burner or an oxy-hydro- 


gen flame, emit vast quantities of obscure rays, for their 


of the eye are incapa 
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3 vibrations though capable in part of penetrating the media 


ble of exciting the sensation of light in 


the optic nerve. 


Thermal Analysis of Sunlight. 


The stin as a source of radiant heat concerns us first and 
therefore a thermal analysis of sunlight is called for. 

Let a narrow vertical slit be made in the shutter of a 
dark room and strongly illumined by sunlight and let the 
light from the slit be focused by a rock-salt lens on a screen 
and a rock-salt prism suitably placed. The light as’ it 


4 emerges from the prism will be found to present on the 
screen a band of colors in the following order: red, 


orange, yellow, green, blue and violet. This constitutes the 
spectrum, which is more extensively considered under the 


discussion of light. By placing a narrow delicate thermopile 


on the space occupied by each of these colors, it will be found 
to be very little affected on the violet, but a gradual rise of 
temperature will be noted as it passes over the other colors. 
Unconsciously and without any knowledge of this physical 
fact, on the part of the observer, blue and green are spoken 
of as cold colors, while red and orange are universally 
recognized as warm tones. If the pile be moved beyond the 
limits of the luminous or visible spectrum the temperature 
will gradually rise to a given point where the maximum is 
obtained. From that to another given point the pile indicates: 
a decrease in temperature. At that point it ceases to. be. 
affected. The first point is as far from the second as the 
second from the third; that is, there is a region in which. 
thermal effects are produced extending considerably beyond. 
the red end of the spectrum. These rays or frequencies 
represent the different rates of vibration or swing of the 
oscillating corpuscles. In their passage through the prism, 
they are unequally broken or refracted ; those of the longest 
wave length or slowest vibrating period are least bent aside, 
i.e., they are the least refrangible, while the rays of shortest 
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wave length, most rapid vibrating period, are the most 
refrangible. In the radiant energy of the sun there is a vast 
assemblage of superposed waves of different wave lengths. 
The prism breaks the compound waves into their constitu- 
ents, the short waves being more refrangible than the long 
ones. All save the red frequencies and those below will be 
considered under the visible spectrum. ‘The evidence of the 
existence of the rays beyond the violet is obtained by their 
action on silver salts, on fluorescent substances, etc. But it 
matters not what the radiation or wave length, if it falls on 
a lampblack surface, it is absorbed by it and converted into 
heat, the absorption thus measuring the energy of the inci- 
dent radiation. The energy measured in this way is greatest 
at the red end of the spectrum and beyond, hence the use 


of the term heat rays or thermal frequencies, while in contra- : 
distinction, the visible frequencies are called the hight rays © 


or luminous frequencies, while those beyond the violet are 
spoken of as the actinic rays. There is but one kind of 
energy radiated from the sun, the heat, light or chemical 
effects depend entirely upon the state or condition of the 
matter upon which the different wave lengths may happen 
to fall. Langley,t to whom photo-physics is indebted for 
elaborate researches into the previously unknown radiations, 
especially at the infra-red end of the visible spectrum, states 
that “up to 1872 it was almost universally believed that there 
were three different kinds of entities, active, luminous and 
thermal, represented in the spectrum. There is one radiant 
enérgy which appears to us as ‘actinic,’ ‘luminous’ or ‘ther- 
mal’ radiation according to the way we observe it. Heat 


and light then, are not things in themselves, but different 


sensations in our own bodies, or different effects in other 
bodies; are merely effects of this mysterious thing we call 
radiant energy.” Over sixty years ago Melloni, an Italian 


physicist, wrote, “Light is merely a series of calorific indica- 


tions, sensible to the organs of sight, or vice versa, the radia- 


*Proceedings American Association Science, Cleveland Session. 
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ure heat are veritable invisible radiations of 
light.” This theory was not adopted until the physical fact 
had been demonstrated by the researches of Langley which 
ch more refined and complex than those of other 


‘avestigators. There is but one radiant energy to the 


- modern physicist as unquestionably it will be agreed that 


there 1s only one matter. | 
Chemical action is not confined to frequenctes of short 


wave length, any more than thermal action is confined tocthe: 
frequencies of the red region. Under proper conditions the 
green, red and infra-red frequencies will all produce photo- 
graphic action. A proof of the chemical action of the red 


frequencies can be had in the ability to photograph through 
© the human body. At least the inference seems fair, for it 


is the red frequencies which pass through. The hand photo- 
graphed by Gebhard had a photographic plate placed in the | 
hollow of the palm. It was then imbedded in plaster of 
Paris save for the dorsal surface. After 20 minutes’ exposure 
to the light of an electric arc, the plate was subsequently 
removed to the dark room and developed. It was found to 
he darkened and the contours of the hand and fingers were 
distinctly seen, showing that the light had penetrated. Simi- 
lar experiments have been made by Freund, Strebel, Kime, 


- Gottheil and others. The only physical distinction to be 


made between light rays, heat rays, and actinic rays is that of 
wave length. And by reason of the different wave lengths 
a difference of physical action upon the living organism 
takes place; it is with different component parts Of the 
structure as it is elsewhere in the physical world,.the effects 
ate those of heat, light, or chemical action according to the 
state or condition of matter upon which the energy from the 
sun or an artificial source is radiated. | 
Radiation does not leave the sun either as light or heat 
“but as radiant energy. The wave lengths of the radiation 
lying within certain limits fall upon the eye and they are 
called light ; the same wave lengths will decompose the silver 
bromide of a photographic plate and hence they are called 
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actinic rays; while equally well will they raise the tempera- 
ture of a blackened bulb thermometer, therefore they are 
heat rays. The short and high frequencies of the vibrational 
activity of the oscillating light corpuscles are the best 
adapted to produce chemical action, which is the highest 
form of vibrational activity. | 
As prisms of different materials absorb rays of different 
refrangibility to unequal extents, the maximum heat will be 
found to vary according to the material used. With the 
rock salt we have found it to be in the red, with a prism of 
water it is in the yellow, while with one of crown glass it 
is in the middle of the red. Rock salt however practically 
permits the passage of all the frequencies, even the ultra- 
violet and gives therefore a very normal spectrum. Tyndall 
showed by his experiments that the heating effects gradually 
increased from the violet but were greatest in the dark space 


beyond the red; the position being about as far from ‘the 


visible red as the latter was from the green, and the total 
extent of the invisible spectrum was found to be twice that 
of the visible. The visible part of the sun’s radiance is only 
a small fraction of the output. 

Langley, to whom we are indebted for the longest wave 
length, devised a very sensitive instrument’ known as a bolo- 
meter,’ or actinic balance, by means of which he explored 
farther and farther into the long heat wave region, using 
prisms of rock salt, because this substance permits the pas- 


sage of more heat than any other known. Professor Lang-— 


ley’s new bolometer is the most sensitive instrument ever 
constructed. In the Smithsonian report of 1900, appears a 
plate showing the long infra-red or new spectrum, which 1s 
thirteen times the length of the spectrum which makes 1m- 
press upon the eye. In it are to be seen wide dark bands 
as in the visible spectrum. They indicate absorption of 
course, as absorption is the cause of all dark and cold spaces 
in the solar spectrum, but it is not known what modes of 
matter caused them. 


1For description see Ganot’s Physics, sec. 932, 16th edition. 
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In the thermal end of the spectrum are waves of varying 
intensities, showing that the energy of the sun is uneven in 
its distribution. Langley’s bolometer detects the lines and 
bands of this end of the spectrum by means of their tempera- 
ture. Cold in the bolometer spectrum has the same signifi- 
cance as darkness in the visible spectrum and these dark lines 
vary greatly in width—just as do those of the visible spec- 
trum. These long slow waves are difficult of recording 
graphically, and are not even comparable in this respect with 
the waves constantly issuing from radium, by means of 
which a much stronger impression is made upon a sensitive 
plate. But as has been shown heat is not confined to this 
region as the frequencies of the visible spectrum also give off 
a great deal of heat, therefore the quantity of light is ex- 
tremely small, and the investigator in his attempt to devise 
4 means for artificial illumination deficient in heat is, after 
all, seeking that which nature has not provided in the radiant 
energy of the sun. 3 | 

Langley used in his investigations of the heat end of the 
spectrum a Rowland grating” so as to avoid effects due to the 
absorption and measured the heat by means of his bolometer 
which showed differences in. temperature of 0.oooo1° F. 


- According to Ganot there was obtained in this way an invisi- 


ble spectrum extending beyond the red to 20 times the length 
of the visible spectrum. The absorption of the radiation by 
the bolometer begins to be measured just outside the violet 
at a wave length of about 0.254 and is at a maximum at a 
wave length of 0.654. The depressions shown in the curve 
represent the dark lines or what is known as Fraunhofer’s 
lines.” | 

If a solar spectrum could be produced outside the atmos- 
phere it would probably give a spectrum more like that of 
the electric light, which is unaffected by the atmospheric 
absorption. Flirit-glass prisms and especially water will 
absorb the infra or called sometimes the ultra-red radiations. 


1See description, Ganot’s Physics, sec. 662. 
Original paper, Phil. Mag. (V.) Vol. 26, p. 505. 
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The absorption in the atmosphere has always been attributed 
to the aqueous vapor, but according to Cornu! it is absorbed 


by the oxygen and nitrogen of the air. | 
The thermal frequencies from bodies heated under incan- 


descence are all absorbed when the beam is passed through 
a solution of alum in water. Rock salt permits the passage’ 


of both the luminous and the obscure radiation. A solution 


of iodine in carbon bisulphide, which Tyndall found to be: 
impervious to the brightest light, is very pervious to radia-~’ 
tion of great wave length, only a slight absorption being . 


affected by the bisulphide. This means was used in 


determining the relative proportion of luminous and obscure 
radiations under different conditions, which were found to be © 


as follows: | 


Source. Luminous. Obscure. 
Redshotespiral.. «222. eee 
Hydrogen flame 
Oil flame 
Gas flame 
White hot spiral 
Electric light 


In medical work, the same agents are useful in cutting 
down the obscure radiations or thermal frequencies. A solu- 
tion of alum in water is used for this purpose. Rock salt, 
which permits the passage of the ultra-violet frequencies, 
permits the passage of all the thermal frequencies and is 
therefore not so good as quartz in practical work, still by 
having a number of pieces and changing from a warm to a 
cool one, the end can be obtained. 

In India it is the custom to paint goitres with red iodide 
of mercury and then expose the part to the action of sun- 
light. Doubtiess this is done because of the fact that iodine 
absorbs all save radiation of great wave length. It is a great 
absorber of light. In the author’s experience, a case of 
goitre was so treated by request of the patient, who had 


“Landauer: Spectrum Analysis. 
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d largely but not always wisely. A few exposures 
sulted in a very severe dermatitis, infinitely more so than 
re 


{ had followed the use of the same light source alone. aL 


though told it would follow upon the treatment, the patient 
discontinued treatment tpon its appearance and the ultimate 
come in relation to the goitre is not known : 

Calorescence.—As Stokes converted the rays of high re- 
frangibility (see Fluorescence, Chapter XX.) into those of 
lower refrangibility and invisibility, so Tyndall increased 
the refrangibility of the infra or ultra-red_ frequencies, 
rendering them visible. This was done by placing the char- 
coal points of an electric-light filament in front of a concave 
silvered glass mirror, concentrating the rays to a focus 
about 6 inches distant. A cell full of a solution of iodine in 
carbon: bisulphide, which has the power of stopping all 
Juminous frequencies, but gives free passage to the non-— 
luminous frequencies, was placed in the path of the beam, 
and a piece of platinum was then placed in the focus of 
the beam thus sifted and raised to incandescence by the 
invisible frequencies. In the same manner, charcoal in 
vacuo was heated to redness. Under a proper arrangement 
of the charcoal points a metal may be raised to whiteness, 
and the light emitted from it on prismatic analysis will yield 


out 


a brilliant luminous spectrum. This luminous spectrum 1s 


derived entirely from the invisible infra-red spectrum, and 
to this transmutation of the non-luminous frequencies into _ 
the luminous frequencies Tyndall gave the name of color- 
escence. ee 
Tyndall still further showed in these experiments that 
by placing the eye in the focus, guarded by a small hole 
pierced in a metal screen, in order that the converged rays 
should only enter the pupil, and not affect the surrounding 
part of the eye, no sensation of light was produced, nor was 
there scarcely any sensation of heat.. A powerful beam un- 
doubtedly reached the retina, although a considerable por- 
tion was absorbed by the humors of the eye, for under 
separate experiment Tyndall showed that about 18 
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\ 


per cent. of obscure radiation from the electric light passed 
through the humors of an ox’s eye. The visual tract, ice., 


the optic nerve and the brain, does not seem to be able to. 


take cognizance of or respond to panes below the red 
either as light or heat. 

Diathermancy and Athermancy—Transmission of Ther- 
mal Rays.—Diathermancy is the term used to express the 
power which bodies have of transmitting heat, and bears the 
same relation to radiant heat that transparency does to light. 
Athermancy, on the other hand, is the term used to express 
the power of stopping radiant heat and corresponds to 
opacity for light. 

A diathermanous substance is one which allows incident 


radiation to pass through it, apart from any consideration 


of the wave length of the radiation. A transparent sub- 
stance transmits waves of medium length, and may or may 
not be opaque to the very long or very short waves. A 
substance may be absolutely opaque and yet permit the ultra- 
violet or the infra-red or both to pass. By heat rays it is 
the infra-red which are generally understood. 

By his experiments Melloni found that calling the total 
radiation 100 there was transmitted as follows: 


Carbon bisulphide 

Olive oil 

Ether 

Sulphuric acid 

Alcohol 

Solution of alum or sugar 
Distilled water 


With solids when cut into plates 0.1 inch thick it was 
found that out of every I0o rays 


Rock salt ‘transmitted 
Smoky quartz 2 
Transparent lead carbonate 

Selenite 

Alum 

Copper sulphate 
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= A practical application of these tables is to be found in 
the small quantity of thermal frequencies transmitted 
through distilled water, hence the reason for using it pref-- 
erably for the water-cooling cylinders of tubes with con- 
densing lenses, as in the Finsen tube; and in the complete 
athermancy of copper sulphate the reason for its use as a 
Glter when the solar energy is used for treating skin lesions. 
Tyndall in a series of experiments made to show whether 
there was any relation between diathermancy and transpar- 
ency proved that a layer of water 0.2 of an inch thick ab- 
sorbs 80.7 per cent. of heat from a red hot spiral, and trans- 
mits 19.3 per cent., and that there was no such relation. 
Influence of the Thickness and Nature of Screens.— 
Rock salt transmits all kinds of heat, ie., from different 
sources, with equal facility, and is the only substance to 
do so. Its analogy may be found in white glass which is 
transparent to white light, no matter what its source. With 
most bodies absorption of heat increases with the thickness, 


although by no means in direct proportion. Rock salt is an 


exception to this rule. The absorption takes place in the 
first layers; the rays which have passed these possess the 
- property of passing through other layers in a higher degree, 
so that beyond the first layers the heat transmitted ap- 
proaches a certain constant Value. 57 

Bodies which transmit heat of any kind readily are not 
heated. For exons a window pane is not much heated 
by the strongest stun’s heat ; but a glass screen placed before 

a fire stops most of the heat and becomes heated itself 
eet So the blue glass screen used in connection with 
the marine searchlight mechanism: The patient exposed 
to the action of the blue frequencies suffers no heat, it is not 
transmitted, but the glass of the screen itself becomes very | 
hot, sometimes cracking. 

Absorption by Luminous Heat—From his experiments 
Franklin found nearly a century ago that the absorption 
of heat by colored clothes increased with the darkness of 
the color. But he used a luminous source of heat, therefore, 
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his conclusions only hold good for luminous heat. With: 


obscure heat, all clothes were equally absorbent. 


The thermal frequencies or heat rays are susceptible of 


double polarization and refraction. 


Dry air, oxygen, nitrogen and hydrogen are but little 
absorbent of radiant heat, their presence being but little 
different from a vacuum. | 

Assuming the absorption of dry air to be 1, carbonic acid, 
for example, under the same pressure, 30 inches, is go. 

The absorption of heat by gases varies with the pres- 
sure. T’yndall, in his experiments on the behavior of 
aqueous vapor to radiant heat, showed that on a day of 
average humidity the absorption due to the transparent 
aqueous vapor present in the atmosphere is 72 times as great 
as that of the air itself, though in quantity the latter is about 
200 times greater than the former. He also showed that 
with the sun at heights which are virtually equal there is the 
smallest transmission of heat on those days on which 
the pressure of aqueous vapor is greatest; that is, when there 
is most moisture in the atmosphere. In this physical fact 
is to be found a reason for constructing incandescent light 
baths in such a manner as to prevent, if possible, great mois- 
_ture of the air of the cabinet from the sudatory action 
established. 7 | 

Perfumes are great absorbers of heat. Tyndall found 
that elementary gases were the feeblest absorbents, while 
gases of complex constitution were the most powerful. 
Thus it may be inferred that absorption is mainly dependent 
upon chemical constitution. Absorption and radiation ate, 
therefore, molecular acts independent of the physical con- 
ditions of the body. 

The properties which bodies possess of absorbing, 
emitting and reflecting heat meet with numerous applica- 
tions in the domestic economies and arts. 

Applications—As a rule white bodies reflect heat very 
well, and absorb very little, but the contrary is true 
of black bodies. An exception is to be found in white 
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lead which has as great absorbing power for non-luminous 
ead, 


rays as lampblack. Dark cloth, cotton, wool and other 
r 


organic sttbstances when exposed to the action of radiation 
from luminous sources are powertul absorbents. White 
clothing is cooler for summer wear because it reflects by 
reason of the absence of color rather than absorbs the ther- 
mal frequencies of the solar rays. It permits the transmis- 
sion of the chemical rays. Therefore in the tropics where 


the chemical intensity of sunlight is very great, red and 


yellow are worn underneath while white is used for outer 
wear. Polished surfaces emit heat more slowly than dull 
Be cover regions of the atmosphere are cold, notwith- 
standing that they are traversed by intense heat because of 
the diathermancy of dry atmospheric air. The intense heat | 
on the top of mountains is undoubtedly due to the com- 
parative abserice of aqueous vapor at these elevations. 

The use of glass for shade in gardens to protect plants 
depends partly on the diathermancy of glass for heat from 


luminous rays, and its athermancy for obscure rays. The 


heat from the sun is largely of the former quality, but by 
contact with the earth it is changed into obscure heat, which 
cannot traverse the glass. A considerable part of the solar 
energy is transmitted by water, and bottles of Ee may 
act as lenses. Accidents might happen in this way, gun- 
powder, for example, be fired while a drop of water on leaves 
in greenhouses might act in the same manner, and to the 
destruction of the leaves. Rock salt coated with lampblack 
or still better with iodine transmits heat, that is, the infra- 
red rays but completely stops luminous heat. Alum 
either as a plate or in solution, or’a thin layer of water 1s __ 
permeable to light, but stops all the heat from obscure 
sources. | | 

This property is made use of in apparatus illuminated by 
the sun’s rays, in order to sift the rays of their heating 
power. If desired to avoid too intense heat from an electric 
light thus used a vessel of water or solution of alum is used. 
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For example, a Finsen tube on the one hand and a sun lens 


-on the other. 


The different sources of heat generally are (1) mechani-: 


cal sources, comprising friction, percussion and pressure; 
(2) the physical sources, solar radiation, terrestrial heat, 
molecular action, change of conditions, and electricity; 
(3) the chemical sources or chemical combinations, and 
more especially combustion. 

Radiant heat as it concerns us here originates from (1) 
the sun, and (2) from incandescent lamps. There is no 
source of heat so intense as that of the sun. 

Attraction and Repulsion Arising from Radiation — 
Crookes discovered a very remarkable class of phenomena 
which are due to the radiant action of heated and luminous 
bodies. It beautifully illustrates the attraction and repulsion 
arising from radiation (1) of radiant heat, (2) light visible 
and invisible, (3) cathode rays. A description of it is incor- 
porated in this chapter. | | 

Crookes’ radiometer’ is a device consisting of a lightly 
poised structure, similar to a windmill, weighing not more 
than two grains, secured in a glass bulb from which the air 
has been mostly exhausted, so as to leave a fairly perfect 
vacuum and which is fused at its proximal end into a glass 
tube, and this in turn is secured to a base of wood which 
serves as a support. The vane or fly, as it is called, is com- 
posed of tiny discs of mica fastened to four fine aluminum 
wires. These are secured in the centre of the vacuum tube or 
bulb to a fine steel point which is fused into the distal end 
of the bulb. The one side of the mica disc is covered 
with lampblack. When exposed to the action of light or 
heat, a candle, for example, brought near the fly, the fly is 
attracted and rotates slowly in a direction showing that the 
blackened side moves toward the light. This movement, 
which indicates an attraction, depends upon a certain state 
of rarefaction. The speed of the rotation of the fly gradually 


*Ganot’s. Physics. 


\ 
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| diminishes in rapidity as the air within the vacuum is still 


further rarefied until a certain point is reached when the fly. 
ceases to rotate. Let the rarefaction be pushed beyond the 


point at which the rotation of attraction ceases and the 


reverse of the phenomenon takes places viz— repulsion, and 
the blackened vanes move away from the source of light or 
heat. Ina double radiometer, in which two flies are pivoted 
independently one over the other, having their blackened 
sides opposite each other, the flies will rotate in opposite 
directions on the approach of a lighted candle. The rotations 
are reversed when a cold body is brought near instead of 
a hot one. The experiments of Crookes and Kundt brought 
to light the very important fact that what had been regarded 
as a complete vactium, was not in reality and the existence 
of a gaseous residue must be taken into account. The phe- 
nomena are not specially influenced by the nature of the gas, 
for whether the vacuum be one of hydrogen, or aqueous 
vapor, or of iodine vapor there is no material difference in 
the result, save that with hydrogen the exhaustion need. not 
be pushed so far as with air. The repulsion takes place with 
all the rays of the spectrum, the intensity diminishing from 
the ultra or infra-red to the ultra-violet. The interposition - 
of a plate of alum, when the chemical frequencies, violet and 
ultra-violet, are active, has no effect upon the phenomena, 
but a solution of iodine in carbon bisulphide diminishes the 


repulsion. The rapidity of rotation depends upon the inten- 


sity of the source of light. A strong light causes so rapid a 
rotation as to prevent determination of the rate of speed. 
Two candles, for example, placed at the same distance will 
secure double the speed of one. When two different sources 
of light are placed successively at the same distance, and 
produce the same rate of rotation, then their intensity 1s 
equal. If when placed at different distances they produce 
the same speed of rotation, their intensities are directly as 
the squares of these densities from the radiometer. ‘This 1s 
the principle which governs the use of the instrument as a 
photometer, for comparing and measuring different sources 
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of, light. Comparative measurements of the intensity of 
light may also be made by a Crookes radiometer, and the 
distribution of energy in the solar spectrum investigated by 
its means. ? 
When the pressure has not been reduced beyond a certain 
point, 1.e., as long as the apparatus still contains air, it is not 
difficult to explain the phenomena of attraction observed in 
the experiments by the action of convection currents.1 
Heat falling upon the blackened disc will raise its tem- 
perature, and the temperature of a layer of air in immediate 
contact with the disc, would also be raised. This would 
cause it to expand and rise, flowing over the space behind 
the disc, thereby increasing the pressure there. The repul- 
sion observed, however, at a higher degree of vacuum is due 
to a reaction behind the vane and the glass envelope, and is 
at once an illustration and a proof of the modern views as 
to the constitution of gases. lhe general nature of this 
theory is that gas is an assemblage of independent molecules, 
which are perfectly elastic, and which move with ereat 
rapidity ; the pressure is caused by their impact against the 
side of the vessels in which the gas is contained. The equal 
transmission of pressure in gases is effected by the impact 
_ of the molecules against each other. The mechanical effect 
of the force of repulsion is calculated by Crookes to be equal 
to about the 1/100 of a milligramme ona square centimetre. 
This force is sufficient to account for the effects observed 


by reference to admitted principles of the mechanical theory — 


of gases (Stoney). The light vibrations pass through the 
thin glass, without raising its temperature, and falling on 
the blackened side of the vane is absorbed by it. In conse- 
quence thereof it becomes slightly hotter. The layer of 


extremely rarefied air in its immediate contact with the ~ 


blackened disc will also become somewhat hotter, and the 
molecules will fly from the disc with greater velocity. These 
more rapid motions would be equalized by their impacts 


‘For Convection Currents, see pp. 404, 414, Ganot Physics, 16th 
edition, | 9 




































THE PHYSICS OF LIGHT ENERGY. 65 


an lecules and a uniformity of pressure, 1.e., of 
care would be established under ordinary pressures 
een at moderate degrees of rarefaction. With the in- 
a a of rarefaction, however, the frequency of these inter- 
Bear shocks diminishes rapidly and in consequence a 
Beat number of the molecules, after having been heated by. 
@ + with the blackened sides of the palette, will strike 
se the cold glass. The effect of this will be to cool these 
Bee cles that is, to diminish their velocity, and it will be 
Fs lind of molecules chiefly which will fall on the oe of 
the disc and:on the regions behind it. An excess a ae 
equal and opposite to that on the glass acts ee a i 
of the disc: and accounts for the phenomenon exhi : € » 
Crookes. Therefore, other things being equal: a y w 
rotate more rapidly in a small than a large bulb. 


Spectrum Analysis.—Spectrum analysis is a chemico- — 


analytical method by means of which it is ee 
mine the constituents of a substance by observing e ee 
tion (dispersion) or the diffraction of light ee yee 
offers an opportunity of investigating the molecular 


ture of matter. When light rays are refracted the image. 


produced is termed a spectrum. Rays of all ey 
are emitted by white hot bodies and form what zt pie 
continuous spectrum, Plate a oe ue aa ee 
rs emit rays of detinite retrang. a 

im a ee is a discontinuous one consisting of Bie 
lines which are characteristic of each substance. eS 
characteristic lines serve for the identification of ae oe 
stances whether they exist singly or in connection wi : O é 
bodies. In this way the constituents of the sun on oe 
as the solar spectrum with its many colors oo S a i 
‘coloring is the written or pictured evidence of the na 

atter. ee 
. Tn a alge of rays from a white hot solid es 
colored medium, some of them are retained and give H 


‘Ganot’s Physics, 16th edition, 
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absorption spectrum. This varies with the chemical compo- 
sition of the medium. By reason of the extreme delicacy 
characteristic of spectra reactions, their employment has led 
to the discovery of a number of new elements which occur 


in small quantities only. The distance from the source of 


light has little effect on the spectrum, therefore, it is suc- 
cessfully employed for the investigation of celestial bodies, 
extending a knowledge of them not dreamed of and unat- 
tainable in any other way. : 

In common with all scientific development, the history 
of spectrum analysis is one of exceeding interest, and both 
for an epitomized historic sketch as well as complete spec- 
trum analysis, the reader is referred to Landauer’s work, 
and also Watts’ Index of Spectra.? Spectrum analysis was 
founded by Kirchhoff and Bunsen in 18509. 


Spectra are obtained by means of (1) prisms and (2) by | 


means of gratings. There are two kinds of gratings made, 
the one of glass, which is transparent, and the other of specu- 
lum metal. The latter is the one most commonly used in 
‘spectroscopic work as it absorbs less light than the glass. 
The most complete gratings are Rowland’s. His plane and 
concave gratings with from 10,000, 14,438 and 20,000 lines 
per inch are almost faultless and comparatively free from 
scratches caused by irregularity of the diamond point. 

Diffraction—The production of spectra by means of 
gratings is due to diffraction; part of the light traversing the 
spaces between the rulings continues in a straight line, but a 
portion is bent sideways or refracted by the edges of the 
Opaque parts. 

The wave theory of light permits of the following expla- 
nation of this phenomenon: The light waves which fall on 
_a fine slit cause the particles of ether present to vibrate; this 
motion is communicated to the neighboring particles and 
produces an equal number of light waves, which reinforce, 
weaken or neutralize each other, in accordance with the law 


"Spectrum Analysis, John Landauer. 
*Watts’ Index of Spectra. 


\ 


of interference. 
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a 


This neutralization occurs in all directions, 
in which the difference between the two sets of ate s 
other than a whole wave length. The image of the S ee : e 
middle in white light diffracted by a grating 1s » a e 
cause at this point all the colors are Sees : : 
color waves which differ by one wave length collec at 
each side according to their wave lengths, and form : spec | 
trum of the first order; these rays with a ae di a 
of phase forming the spectra of the second, thicdi 2g. 2 ain 
order. | | ce 
When the distance between the lines of the grating . 
inown the wave lengths are determined by measuring the 
iffraction with a gonimetre. 

ee the following values in ten millionths of a 
millimetre for the Fraunhoter lines of the spectrum were 
obtained. (See colored plate.) aoe 

The wave lengths are given in Angstroms: 


7954.06 
6876.46 
6563.06 


‘896.1 
Le Sodium Lines. 
5270.50" 

5269.72 

4861.49 . 

4308. 

4101.85 

3968.62 


The wave length 1 (1) is determined by dividing a 
velocity (v) (2) -by the frequency. The wave length a a 
extremity of the visible red found at the lower end ae e 
spectrum, is for the A-line 900076, that of the yellow on 
0000589, and that of the K-line at the limit of the visi ‘. 
violet, .c00039 mm. The velocity of light is known to be 


~ about 300,000 kilometres per second. Ree ce 
“Given the velocity and the frequency, the number of the 


v 
vibrations (m) can be obtained by the formula = > 
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These are two common units of wave lengths smaller than’ 


the millimetre. By reason of the magnitude of the figures 
when the millimetre is used, it is much more simple to use 


the unit adopted for the measurement of wave length in‘a- 


vacuum, the millionth part of a millimetre—o.oor micron. 
This unit is represented by the symbol uu. One-tenth 
part of this, equivalent to 1/1000000 of a millimetre, 
is known as Angstrom’s unit. As visible radiation is from 
-000077 to .000039 millimetre, its equivalent in microns is 
from 0.77 to 0.39 micron or 7,700 to 3,900 A. or Angstroms.’ 

These numbers are inconceivably great, therefore it is 


usual to define the color by the wave length, although this 
varies with the medium. 


Listing’s scale is used for the classification of lines of the 


spectrum, according to color; it runs as follows: 


. to 7230 infra-red. 5850 to 5750 yellow. 
4540 to 4240 indigo. 
6470 red. 5750 to 4920 green. 
4240 to 3970 violet. 
6470 “ 5850 orange. 5920 to 4550 blue. 
3070. lOne.. Ultraviolet: 


of 


7230 


The most readily recognized lines in the spectrum are 


from Ato H. The eye is most sensitive to the light between 


D and E, that is, a part of the yellow. The light becomes | 


less and less visible from that point toward either end, until 
the red rays beyond A and the ultra-violet beyond H are 
hardly distinguishable. | 

The solar spectrum is crossed by thousands of black lines 
known as Fraunhofer’s lines, from the name of the dis- 
coverer, scattered here and there in the midst of the brilliant 
and gorgeous colors of the spectrum. Every phase of 
matter known casts lines in the spectrum which are bright 
and highly colored, not black. Or in other words each 
phase of matter, when corpuscles are torn apart and sep- 
arated widely enough to allow them to oscillate, vibrates at 


—_—— 


‘Landauer: Spectrum Analysis, pp. 11, 12, 
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‘ts own definite rate. The oscillation of each corpuscle will 
cause another to swing, and another, the motion being in 
a wave movement. But each wave strikes its own place in 
the spectrum and the bright lines in the spectrum are formed 
by sets of the similar waves, due entirely to their wove 
length and rates of oscillation. laese appear in the solar 
spectrum as a result of the intense heat acting upon the 
different substances of which the sun 1s composed. Artifi- 
cially, there 1s to be had in the electric atcea similar Sos 
of energy, and by placing in the crater of the positive carbon 
different substances for volatilization, or forming the elec- 
trodes of them as with carbon, they are torn apart by the 
intense heat and their corpuscles are made to swing at their 
own rate. The instant the gas becomes hotter than white 
‘5 the instant when each corpuscle is torn away from all the 
others, to vibrate at its own rate. And as the corpuscles 
swing or oscillate one after another to form a wave they take 
a definite place in the spectrum, easily determined by means 
cope. 

3 a ae one be regarded as a letter in a 
alphabet. Their positions are measured with accuracy, an 
waves sent from iron, oxygen, sodium, titanium, helium, 
potassium, no matter what the substance, fall absolutely into 
their own and a definite place in the spectrum. 

The Visible Spectrum.—Only the small portion of the 
spectrum between wave lengths 400p#, and 760"u a 
ordinary circumstances, visible to the eye, but the part i 
yond 800“ becomes visible if the shorter waves are cut ON, | 
by means of a dark red glass, whilst those far beyond the 
400 [ule are seen if the longer waves are eliminated. | : 

The Invisible Spectrum.—The region beyond 760uM 1S 


termed the infra-red, while that below 400m forms the 
‘ultra-violet. In the former Langley reached a wave length 


of 5300m and Rubens one of 575HH. ; : : 
The infra-red rays may be detected by their thermal an 
photo-chemical properties and also by means of phosphores- 


cence. See page 76. For the investigation of this region 
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Langley’s actinic balance or bolometer is employed; by 
its means a rise in temperature of 0.000001°C. may be 
detected. | ec: 

Langley’s Bolometer.—This consists of a Wheatstone 
bridge, the arms being formed of two extremely thin black- 
ened wires of equal resistance: if the temperature of one 
changes, the equilibrium is disturbed and the galvanometer 
affected. 

Chemical Action of the Red and Infra-Red Rays.— 
For a long time it was supposed that this part of the 
spectrum was incapable of chemical action. Becquerel, how- 
ever, observed that the red rays affect silver chloride, which 
has been previously exposed to light for a short time. 
Draper succeeded in photographing the beginning of the 
infra-red spectrum, but it was not until Abney prepared a 
special bromo-silver emulsion—sensitive to the infra-red— 
that complete photographs were produced. He has obtained 
photographs of the solar spectrum up to wave lengths of 
2700 uu, both with a prism and a grating, and also photo- 
graphed a number of absorption spectra.t. The most com- 
plete photograph of this region is due to Langley, however. 

The ultra-violet region in the solar spectrum does not 
extend beyond about 300 microns. With an increase of 
temperature the spectra tend to develop into the violet. 
Hence, on account of the extremely high temperature of the 
sun, a considerable portion of its spectrum must necessarily 
escape observation. In this connection the reader is referred 

to Chapter XVI. Suffice to say here that according to Lang- 
ley? it would take nearly 100 feet of map to depict on a 
prismatic scale the spectrum of the ultra-violet region, 
though it is caused by but a small fraction of the sun’s 
energy, SO monstrous is the exaggeration due to dispersion 
of the prism. It really contains much less than the one- 
hundredth part of the total solar energy which exists. the 
visible spectrum containing perhaps one-fifth the energy of 


“Landauer: Spectrum Analysis. 
"Langley: Smithsonian Reports, p. 684. 
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n.” The length of the spectrum beyond the violet . : 
eS ? k own, the researches of Schumann giving the 
i ve ienoth yet recorded photographically, the only 
—.. paleble for the chemical end of the spectrum other 
ee eis Auorescing properties, and its wave length 1s 1200 

a 


The lengths of the waves produced by the oscillating 


° . a 
Be hort, and it is sup- 


| ion are extremely § 
corpuscles of this reg 


1 ; become 
osed that they continue to become shorter unt they 
Pp : 


: 1 
electro-magnetic Se, tes and its spectrum is 
: . ny dl GEER igi ates 
Tron vibrates at ma 


the richest in lines; they are distributed over every part of 
: ; ¢ . : eS 
the field. It beats with 480 different ee oo 
3 2 red more than 450 
Kayser and Runge” measu | 
Boating them with Rowland’s solar atlas ee 
I . 
a yp and 320mm, they were unable with ae to - . 
a in the solar spectrum, 
t appear in 
single line which does not appear 3 . - 
Bena photographed the more prominent lines mn the be 
violet, i.e., between 410mp and 29cuH. This ee 
Re ded by Lieving and Dewar between 2gsuu an : a 
tt ‘5 because of thé arc spectra of iron that it 1s valua 
therapeutically. . 
Te length of the light spectrum be placed a ae ; 
f the heat spectrum is 13, while that of the chem1 
0 ‘ Py ight i 
own. et, o 
Be aahoter or Black Lines of the Spectrum : 
ee ae 
Fraunhofer in 1824 observed the coincidence of the . = 
dium lines with the double D-lines of the solar ae _ 
iu | be 
tra Kirchhoff prove 
his study of absorption spec ee 
a and on of these delicate dark parallel se Y He 
web themselves across the solar spectrum. ae e ae 
covered them by the use of a telescope. oe oi ee 
the reason for their existence. It two waves, ee Ne 
oscillations of their light corpuscles, exactly alike, ; 


th are totally destroyed. ae 
a eee of the Interference of Waves. Let two 


\ 


Parkin: Radiant Energy. 
2Quoted by Landauer. 
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stones be dropped in water at some distances apart. The 
waves to which they give rise will expand in circles; in a 


short time the two circles will collide ; but if two waves in Op- 
posite phase meet, the water will be at rest and a cork floating 
thereon will not oscillate. It is a principle of wave motion: 


that waves interfere, I+ two water waves interfere, rest suc- 
ceeds; if two light waves darkness, Therefore, concludes 
Larkin, whose simile is used, stillness in water corresponds 


to darkness in the midst of light, for light added to light may | 


produce darkness. 


Take sodium, for example. When sodium is heated hot 
enough to be torn apart, either in a Bunsen burner or by 
the electric arc or spark, two bright yellow lines will flash 
out, and all the other portions of the spectriim will be black. 
This is because the metal sodium can only vibrate at two 
rates, that is, it can only be torn into corpuscles at these two 
tates, and, therefore, the whole of the spectrum other than 


these two yellow lines is black. The metal sodium, the 


basis of common salt, is omnipresent, for the ocean spray as 


it evaporates in the air leaves minute particles of salt in 
suspension. As little as 14 millionths of a milligram of 
sodium is sufficient to project the well-known sodium lines. 

The rustling of a Paper, OF movement of a hand through the 

air is sufficient to arouse a hurricane of these particles. In 

the act of examining the spectra of any given substance 

they fall into the source of heat, are instantly torn into cor- 

puscles hundreds of millions of times smaller; and these set 
‘up their own waves which enter the slit. 

If a strong white light concentrated into a beam be 
sent from an electric arc, through the flame in which the 
sodium has been torn apart the bright yellow lines will 
vanish, and all the other parts of the spectrum appear, save 
in the two places occupied by the bright sodium lines, which 
now, however, are black. | | 

If, instead of the arc light, sunlight be sent through the 
yellow flame the two black lines in the yellow region of the 
solar spectrum become blacker than before. The corpuscles 


THE PHYSICS OF LIGHT ENERGY. HS 


of sodium can only oscillate at the two rates and at ee eee 
Therefore the yellow flame lets. every other c ae 
due to oscillating light uo ceoee a ae 
tbs the yellow producing 
a of the es that the black lines ee oe Aerts 
tion led to the formation of the following ae y ee 
All modes of matter when vibrating at. their 


i generate. 
-absorb the same waves they are abie to g 


Gaul ar spectr rk lines where sodium 

Since the solar spectrum has dark lh h ; 

V ) rontisp! - 1s assume 

iron, etc., give bright ones (see f ontispiece), it 1s d 
d PG 


~that around the solid, or more probably the liquid body ot 


the sun which throws out the light, there Hen Z aes 
envelope which, like the sodium oe O : e ea 
experiment, absorbs certain rays, namely, 2 fee 
envelope itself emits. Therefore ‘those Ke es 
trum which, but for this absorption, would eae a i; 
ted by those particular rays, appear feebly 7 a 
a é ee with the other parts, since they are illumina : 
Pa by the light emitted by the envelope and not ue 
& : aes af the same time the conclusion is force : a 
- le vapor there exist the metals sodium, ae ee 
condition of matter when its corpuscles e ee 
their own characteristic rate Saas eae ee 
te . pi oe ee ae which ey ae 
vibrate in front of the sht of | 
oe . the electric arc between Sa 
cal into whose positive crater metals a ae 
cast in their respective spectra the same lines ee ene 
in the solar spectrum, demonstrating their p 


gaseous envelope. 


Absorption Spectra. 7 

r1 responds 

The absorption spectrum of a substance ae ‘ ae 
with its emission spectrum at the same tempera 


the same molecular condition. 
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This law, the law of exchanges, was established by. 


Kirchhoff in 1859, as a result of his study of absorption- 
spectra, viz., the relationship between emissive and absorp- 
tive power of all substances for light of the same wave 
length. 


The fact that reflected light is of less candle-power than 


the impinging light leads up to one of the most interesting. 


and important phenomenon in light physics, and one that is 


especially valuable in its physiological relation, viz., that. 


of absorption. 


“Absorption of light energy does not mean its loss; on the 
contrary, whenever and wherever the phenomenon of absorp- 
tion is observed, there is work done. Throughout the sub- 
sequent chapters of this volume, it is referred to again and 
again as of great importance. No energy is lost. This is 
according to the law of conservation of energy. The ex- 
tinction of energy in space or its absorption and consequent 
disappearance in matter is 6ne of nature’s fundamental 
truths. When absorbed, it is converted into other forms of 
energy of equal value. When the waves of light fall upon 
a growing plant, for example, they do work. They are said 
to be absorbed, and the green leaf absorbs all the frequencies 
of light energy save the green which are reflected. In the 
light-absorbing substance a transformation takes place, 
beautifully shown in the green leaf by the chlorophyll! func- 
tion. In the appropriation and selection of waves by mat- 
ter, whatever its nature, the light is sensibly weakened, as 
in passing through the substance a part of its energy has 
been absorbed. 

Every black line in the solar spectrum is an absorption 

letter, by means of which the waves that are absent may be 
read. 


Absorption spectra are usually observed at low tempera- 
bUGeS, 
Fluorescence and Absorption—The phenomena of phos- 


phorescence and fluorescence are associated with absorption 
of light. 
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Certain substances become luminous by the action e 
light; if the luminosity ceases upon the withdrawal a ae 
they are said to be fluorescent (see ons ae 
XVI.), whilst the term phosphorescent is applie : ro} - 
stances which continue to be luminous after the = tASe¢ 
off. In accordance with the law of conservation oI energy, 


nt 
‘the rays causing these phenomena are absorbed, fluoresce 


bodies exhibit corresponding absorption spectra, on 
they absorb the ultra-violet more or less compete y; y 
all fluoresce in this region of the spectrum. : i: 

Phosphorescence.—Under the name of aa ee 
rays Becquerel has described the rays given by phosph 

Ces: 

ee rays which have the property of Cee 
certain objects luminous in the dark after they ge oe 
exposed for some time to the light. This 1s - oe o 
luminosity very closely allied to fluorescence. ndee oe 
cording to Becquerel, who discovered this be = ae 
nous rays, fluorescence is only phosphorescence 0 ae ae 
duration. He distinguishes between the rays whic : S 
nated the luminosity, the exciting rays, and the contin ey 
rays to which he gave the name of phosphorogenic ray fe 

"In fluorescent bodies the radiation exists only ee 
time the body is exposed to the exciting rays of a ae: 
phosphorescent bodies, however, the radiation persis 


Of the 
the exciting cause is withdrawn. Among some 


natural and artificial substances ee Se ee 
| be mentioned diamonds, ca 
phosphorescence may sine 
The latter is the 
spar and sulphide of calcium. 
ae brightly phosphorescent substance ee ee 
now. It is called after its discoverer, “Balmain's Lumin 
Color:”’ 3 > : 
Artificial phosphorescent bodies include the Pee 2 
the alkali earths, which are obtained by heating sulphur w 
i alts. 
limestone, barytes or strontium Sa | | 
Color of Phosphorescent Light—The one ne | 
phorescent light depend not only upon the chemical cons 
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tion of the substances which emit them, but also upon the | 


physical nature and temperature. mea 
Intensity of Phosphorescent Light.—The intensity of 
phosphorescent light is increased by heating. The waves 
of phosphorescent light, as those of fluorescent light, are 
of greater length than the exciting light. There is consid- 


erable evidence to indicate that in phosphorescent light 


energy is given off, which has been taken from the absorbed 
light of the exciting light source. This is in accord with 


physical laws, for absorption means work done or energy 


‘imparted. Phosphorescent light always has a far weaker 
_ light than the light acting to produce the phosphorescence. 


Tt has been calculated that the light of the best and most. 


brightly shining phosphorescent substances excited by day- 
light, when in immediate contact with bromide-of-silver gela- 
tin plate, acts about as powerfully as the light of one normal 
candle at 50 centimetres distant. ; 

Phosphorescent Light Renders Visible the Infra-Red 
Specti1m.—Becquerel and Seebeck discovered that yellow 
and red rays counteract the action of the violet rays, in other 
words, extinguishing or at any rate considerably weakening 
the brightness produced by them. ee 

As fluorescent plates or the substances are used to render 
visible the ultra-violet spectrum (see Chapter XVI.), so 
phosphorescent plates were used by Becquerel to make the 
infra-red visible. For example, if a plate covered with Bal- 
main’s luminous color, which has been exposed to daylight, 
and is, therefore, luminous, is then exposed to the infra-red 
spectrum, i.e., the dark, at first the spectrum bands become 
brighter, the Fraunhofer lines remaining unaltered. This 
soon changes and the Fraunhofer lines gain in luminosity 
until they appear bright on a dark ground. 

Duration of Phosphorescent Light—This varies with 
different bodies. There is no connection between the inten- 
sity of the phosphorescent light and the duration of the 
luminosity. ) 


Absorbed Light, the Action of —F rom a study of the 
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ohvsical effects of light we find that absorption isa most > 
p Vv 


important phenomenon of light energy. The alee : 
and selection of waves by matter and their eventua . a 
to space constitutes the life of the eee None o | 
5 ight is lost. 

es Effects and Calorescence——(1) It is ee 
formed into heat; the rays which fall upon a body me 
and are emitted as obscure heat rays of greater He oe 2 
the reverse of which is true. The body upon which obscu 


heat rays fall may be heated till it shines. To this phenome- 


name of Calorescence. 
ae In certain substances absorbed light 
causes the immediate emission of new light rays of ee 
colors. This is known as Fluorescence. (See Chapter 4 
The luminosity of these bodies exists only through the ae 
of their lumination. The color of the light emitted 7 ii 
ferent, both from the impinging light and from. that of the 


body itself. Reflected rays cause the colors of bodies, but the » 


coloring of fluorescent bodies is due to the absorbed ae 
Phosphorescence.—(3) A more or less a ee a 
sion of. new light rays of different colors is es ae oo 
absorbed light. To this is given the name of p ee O 
cence, of which a notable example is sulphide of ca oe 
Chemical Effects—(4) Chemical effects may s ae 
duced; notably decomposition. The most intense chemicé 


energy of the spectrum is found at the extreme or ultra- 


violet end. All frequencies from blue up to nee 
are also chemical in their action but less than those O e 
ultra-violet. Light exerts a chemical action in ae 
phenomena. For example, silver chloride blackens un 


Clie 
its influence; transparent phosphorus becomes opaque ; veg 


table coloring. matters fade; hydrogen and Tenn oe 
when mixed combine slightly in diffused light and wi 
plosive violence when exposed to direct sunlight. ee 
Scheele found that when silver chloride was place : 
violet the action was more energetic than in any other ban 
but it was further observed by Wollaston that the action e 
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tended beyond the violet. This chemical action of ultra- 


violet energy is fully considered in ¢ 
that subject. in the chapter devoted to 


Photography is based on such effects. 


| ae Effects.—(5) Light energy under certain 
conditions produces - mechanical - results (illustrated by . 


Crookes’ Radiometer). j 


a ee eA _ By the vibrational activity of 
aie Puscles, in many instances, electric 
The Relation of Colors of Bodies to the Colors of the 
Spectrum.—The color of a Body is not identical with the color 
of the spectrum, but is dependent on the light striking it 
Certain component parts of the light are absorbed b ae 
body which reflects or permits the passage of the hee 
In the one instance it is opaquely colored and in the other 
transparently colored. There is, then, no color in bodies. 
the color is in the light. The transparent body is fone 
parently colorless if it permits the equal passage of all parts 
of the impinging light. For example, it is transparentl 
blue if it absorbs all but the blue light. Blue solution of 
copper sulphate absorbs the red and the yellow cncay and 
permits the passage of the green and violet; but not so a I 
as blue, hence it takes on a blue color. : 2 
| fe ellow oe solutions permit of the passage of the 
yellow rays, less free 
tees oe ae nn red and the green, absorbing the 
_The whiteness of an Opaque body depends upon its 
ability to reflect equally and strongly all the component parts 
‘of white light; if black it absorbs them © ce 
interest in this connection is the fact that colorless bodies 
which are equally transparent to light may vary very greatl 
in the degree to which they permit the passage of the ae 
cally active rays. For example, rock salt and quartz absorb 
them least of all: “Double-spath-soda” absorbs these ra 
less than crown glass and flint glass. - 
The red frequencies penetrate bodies much more readily 
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than do the blue. A spectrum analysis of lamplight which 
has been passed through a thick sheet of paper will show 
that all blue light has been absorbed and that only the red 
and yellow remain. , 

If the absorbing layer be thicker, the red only will pass 
through. The same holds good of gases and vapors, as the 
atmosphere, for example. .The matter of atmospheric 
absorption is a matter of constant reference in the pages 
which follow. " 7 

Absorption takes place the more readily, the sharper th 
light at which the angle is reflected. 

Properties of the Spectrum.—The spectrum is regarded 
as possessing luminous thermal and chemical properties. 
As pointed out in relation to many different aspects of the 
subject, these properties are not inherent through any single 
frequency or a group of frequencies, but they exist in all of 
the different frequencies of the spectrum according to the 
substance upon which the light falls. 

The thermal effects are considered in the Physics of 
Radiant Heat as well as in the therapeutics of the subject of 
light energy, while the chemical effects especially considered 
in Chapter XVI. form an inherent part of every aspect of 
the subject of light energy in its physiologic and therapeutic 
relations. 

Spectroscope.—The spectroscope is not only useful for the 
purpose of analysis of solar light but it also sustains a relation 
to the use of light in therapeutics: (1) In experimental work 
where it is desirable to exclude all but certain frequencies of 
light vibration; (2) to carefully analyze the light allowed 
to penetrate into rooms in which patients suffering from 
smallpox or the exanthemata are placed; (3) to analyze the 
spectra of the different sources of light used by the physi- 
cian; (4) for the purpose of investigating substances which 

have a special importance in physiology and pathology, nor- 
mal and diseased blood, for example. The first is illustrated 
by experiments of Bernard and Morgan upon bacteria, the 
second by the preparation of the Finsen red room. 
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The Spectrum of each Light Source Varies. —The light- 
giving power in the several parts of the spectrum .from 


various sources of light is well illustrated by the following 


classic table: 


Total light 
power express- 
ed in 
© D Cc F14G. normal can- 
Red. Yellow. : Blue. dles. 


White light TOO 104 134 I 
Gaslight 100 103 125 16 
Lime light 590 LOOM ey el Losec 285 90 
Electric Arc light. 100 I2I 735 362 
Magnesium light.. 50 100 223 1,129 215 
Moonlight | SOO 155 363 204 
Sunlight 100 250 2.0711 70.000 _ 


An analytical glance at this table will show the very great 
preponderance in sunlight from the F x to the G line in the 
energy of the blue, which all of the evidence thus far clicited 
has shown to be so valuable, physiologically and therapeuti- 
cally. A glance at the continuous solar spectrum will still 
further emphasize this fact. ; 

Magnesium Light.—The light next rich in the very val- 
uable rates of oscillating light energy is the chemically active 
magnesium light, which, as compared with the sun, is as 
1,129 to 2,971. This is the most intensely active chemically 
of all sources of artificial light, but it burns away with very 

‘great rapidity so that it is impossible to keep a continuous 
powerful illumination, as is necessary in all therapeutic work. 
Additionally it gives off a great deal of smoke, which pre- 
cludes the possibility of using it for therapeutic purposes, 
rich as it is in the blue frequencies and powerful as it is 
photographically. : 
It will be seen from the pages which follow upon the 
electric arc that it amply fulfils the conditions for an artifi- 
cial source of light energy. 

Influence of Atmospheric Conditions —Ultra-violet ab- 
sorption, according to Cornu,! is essentially due to the nitro- 


—— —_. 


Landauer: Spectrum Analysis. 
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n and oxygen of the air, although it is generally attributed 
a the presence of the varying constituents of the air, water 
en carbonic acid and dust, factors which may possess a 
Vv »c 


contributory effect. All wave lengths of less than 307H@u are 


thus absorbed. This ee . also influenced by the 
erature Of the air. 
Se eding ae tables of wave lengths, the water 
vapor and oxygen of the atmosphere are the only ee 
which produce absorption in the visible region, w . a 
gen, carbonic dioxide and ozone appear to exert 1 
at 
cs, it will be seen, that the absorption varies cue 
for the different frequencies. The violet ee - a 
chemically active frequencies suffer more than a Se 3 
yellow, which are the most ae ee a 2 a 
hese again more than the red; a 7 
- ae the low Be ae ee eee 
low the red which, though invisible, - i 
| energy. Generally speaking, according ' 
whe ae - ‘estimated that at the sea ae ee 
weather, neither excessively moist nor dry, abou 2 2 oe 
of the solar radiant energy 1s absorbed when Ee ae 
the zenith, and at least 75 pet cent. - t : e oe 
Of the rays striking the upper surface of the es ee 
between 40 and 50 per cent. therefore a aS y 
cepted in the air even when there are no ¢ ouds. oe 
According to Langley the following eee a ee 
frequencies of the different regions of the spectrum pas 


atmosphere : 
~ Ultra-violet 


Greenish blue 
Yellow 


FG lesen le oe ae Spee oe ees 
Magnesium light: Infra-red 


1Tandauer: Spectrum Analysis. 
*The Sun, Young. 























82 
LIGHT ENERGY. 


The Electric Arc. 


. Hg a hundred years ago, March 20, 1800, Volta wrot 
S oe letter announcing the discovery of his pile : 
eae oe the scientific world was ae much 
S in these latter days it has be 
ae en over the discover 
ae e oe Paes of Becquerel rays by Becaueeal 

ecently still the discovery of : 
cent y of radium, with all i 
ee ee to pure science by Professor al 
e Curie. ihe experimental investigati 

: The. | investigation of the earl 
me of oe wolheas pile may be classified as follows: a 
ea ie ane with the effect of the current on living 
(2 ose which produced chemi : 
hir emical decomposi- 
ee inorganic matter, particularly of water. (3) Those 
e - a oo the heating power of the current, more 
Particularly with the sparks produced by makin | 7 
ing a circuit.’ : a 


A . we 9 ° ; 
t the time of Volta’s discovery and subsequently, one. | 


: : 
i a earliest experiments was to make a spark by bringin 
° ; 3 
a s terminals of a battery together, in order to aoe 
it the current from the pile of V. : 
| olta was of the sam 
nature as “common electricity,” so well known to the ph _ 
ae to-day as static electricity. ae 
a = was Se by many observers, but Sir Hum 
y Davy, October, 1800, was th : ; 
: , wa e first to try th 
ae Vetne effect 
ae ss burned pieces of charcoal as the conductors 
coal | ad already been shown to be a good cond 2 
of electricity by Priestley. ee 
- ae reported that he found that this substance pos- 
oe ee same properties as metallic bodies in producing 
i snock and spark which made a medium of communi 
ion between the ends of Volta’s pile a 
I | : 
ae a lecture before the Royal Institution in 1801 Davy 
at the spark passing between two Welebuined pieces 


‘The Electric Arc, Aryton, p. 20 
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of charcoal was larger than that passing between brass 
knobs “and of a vivid whiteness; an evident combustion 
was produced, the charcoal remained red hot for some time 
after the contact, and threw off bright corruscations. 

Thus was conceived the idea of the electric arc. But 
there was no continuity to the phenomena observed by 
Davy. It was only the discontinuous spark. The. very 
nature of an arc requires continuity, and that the two poles 
should not be in contact after ignition. Later, in 1802, 
Davy reported to the Royal Institution that he had tried the 
effect of the electrical ignition of dry charcoal upon muriatic 
acid gas confined over mercury, with the result of making 
the charcoal white hot by successive contacts for nearly two 
hours. Had there been the proper relation between the 
E. M. F. and R. of both the internal and external circuits, the 
continuity of the spark obtained would have been established 
and the electric arc then and there would have become an 
accomplished fact. 

The batteries of that earlier time were SO constructed 
as to have a very great internal resistance, i.e., small plates. 
Fourcroy, Vacquelin and Thenard, in 1801, discovered that 
this resistance could be lowered by the use of larger plates, 
and it was soon found that fewer and larger pairs of plates 
eave better results in the production of sparks and heating 
effects than a greater number of pairs with small plates. 

Numerous experiments were made in 1801, on the con- 
tinent, with the spark thus obtained from the contact of the 
two terminals of the voltaic pile, in France by Fourcroy, 
Thenard and Vacquelin, and in Germany and Austria by 
Ritter, Thormsdoff, Gilbert and Pfaff. 

Gold and silver leaf, as well as thin wires, were burned, 
causing flames to arise between the two poles. In some 
instances a single spark was obtained. in others a continuous 
and rapid succession of sparks, but the experimenters failed 
to differentiate between them, therefore “the actual dis- 
covery of the electric arc, both as to discoverer and time, 


is shrouded in mystery.” 
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Frictional electricity, with which scientists had worked 
up to that time, presents the phenomena of a succession of 
sparks always, when. the mechanism is in Operation, and, 
therefore, the first observer of 4 Succession of sparks from 
a voltaic pile was in all probability unimpressed by the 
phenomena. ; see | 

An electric arc is after all but a spark, but it is a con- 

tinuous spark, maintained after first contact of the two 
terminals or electrodes, even though there be a space be- 
tween the electrodes, and to insure such continuity there 
must be the necessary and definite relation between the elec- 
tro-motive force and the Tesistance as well as th 
feeding arrangement of the mechanism. 

Sir Humphry Davy was the first to describe this long 
horizontal arch of flame by reason of which the arc is 
named, although, as stated, it will never be known to whom 
the actual discovery should be accredited. To him, how- 
ever, is due alike the conception and description, and in 
1820, after he had shown that the fame was deflected by a 
magnet, first predicted by Arago, though unknown to Davy, 
the latter gave to the phenomenon the name of the arc. 

Tt is not generally realized by physicians using static 
machines that to the discharge of the spark gap from a 

chine, the first conception of the arc is due, 
although not until Volta’s discovery was it possible to es- 
tablish the necessary conditions. To recognize the kinship 
of all these various manifestations of energy, luminous and 
electrical, is to unify one’s knowledge of these agents to the 
end of their more intelligent use in therapeutics, 

The development of the electric arc to its present prac- 
tical position has been the result of many years of study, 
investigation and experimentation, the history of which, all 
down through the nineteenth century, is one of great inter- 
est, and the student will find an extensive bibliography upon 
the subject replete with interest and useful knowledge. 

The difference of potential, in spark discharges and also 
in the discharge from a point, between the electrodes is very 


€ proper 


pe 
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| t, several hundred volts, but the current is only a a 
ae si a milliampére. This is not only true of the spark 
Pearce: but also of the convective ae ae 
static machine with eet a ae ae es a oe 
ric arc, however, when the e 3 
eee the potential difference 1s oe 
while the current is enormously greater, ofte 
. ee ean or conductors of other metals a 
brought together and slowly separated, a ee 
does not immediately i pe : a . Me S er 
carbons or rods are not too w paral oe na 
not broken, but the space between ae : be ee 
rapor which carries 
> a en ae there is no spark 
ea the air, as for example, with the static ae 
a a high-tension coil, because there oo ee a 
ence of potential to produce a simaes in air. ee 
! t is assumed to flow from the positive poll 
rcs f E. M. F., through the circuit to the negative pole. 
oe dae ae the direction of the current is a a 
from the positive carbon rod or electrode, oo mes 
formed by the interruption of the current, a oe 
rod or electrode that it may reach ee a ee ce ae 
aun pee sea doetoueed light is 
Dnt ee and the ends of both become oe 
a : 1 
eee the positive sie eee ee 
i. peek te Le Thi How shape exists ee 
ow - € 
aa the carbons are ee ee sore 
e h’s lines of force on the : i 
. .. arc, an iron, silver, cadmium ae ee a oy 
ing its name according to the metals ce pie ee ana 
ef the arc and the character of the spectrum es ae 
depends upon the nature of the contacts or Ode 


ployed. 
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If copper is used, the light takes on the greenish color- 


ing characteristic of copper. With iron there is an intense 
dead bluish white light with a 


With carbon contacts the light produced is of a vivid daz- 


zling whiteness. This has the quality of sunlight. The light — 


from a carbon arc more nearly approaches the quality of 
sunlight than the light of the metallic arcs referred to, and 
should, therefore, preferably be selected, when it is desired 
to utilize the activities of the electric arc for the purposes of 
a general therapeutic administration, for example, in an 
exposure of the entire nude body to all its radiant energy. 
Not only should it be a carbon arc but a solid uncored car- 
bon, because the softer core sometimes used to secure the 
greatest liberation at the center volatilizes at a lower tem- 


perature, the arc is confined to a limited area, and, there- 


fore, there is less of the blue frequencies than with the solid 
core. This does not refer to an iron core. Different sub-- 
stances volatilize at different rates, and the place in the spec- 
trum of any given metal depends upon the rate of vibration 
or volatilization of that metal. 
which has been saturated with a solution of common salt, 
then dried and exposed to the action of heat, the heat volatil- 
izes the metal sodium, tearing its particles away from their 
union with chlorine. The sodium particles vibrate at their 
Own rate, and the flame is filled with dense yellow light. 
If this light be passed through the slit of a spectroscope, two 
brilliant yellow lines will be seen in the spectral field, in 
exactly the same position as Fraunhofer’s black lines, but 
the remainder of it will be dark. This is because sodium is 
only able to vibrate in two rates. : 
The blaze from a driftwood fire at the seashore gives 
a spectrum rich in yellow, because of the impregnation of 
the wood by the salt of the ocean. Sodium of all metals 
possesses the greatest spectral sensibility, and it has been 
ascertained that 1/200000000 of a grain of sodium is 
enough to cause the appearance of the yellow line. The 
fates at which different metals vibrate, dependent upon the 


great deal of violet coloring. 


Hor example, in a anc 
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| t qe . een 

) erature at which they volatilize, can ae = : = 
as Platect Bodies at a red heat give of a or oe 
e ine ; the tempe | 

the orange; as . 
extending at most to | : 
E aduslly rises, yellow, green, blue and TDS ae ai 
: ear, while the intensity of the colors no ie ee 
= i the spectrum increases. In Plate I, CO eee 
ae of certain substances examined with the spec 


_ eee will examine for himself the spectra of 


ivid pi efore 
his light apparatus he will have a very vivid pes fe 
ae of the rates given off by the source of light e eee 

d as to its richness in the chemical frequencies, so p 
an | 7 


in therapeutics. a 
< S however, to the electric arc, a strong Cc 
- Returning, however, 


flows when the carbon rods are brought into oes a 
just before separation the resistance 1s very a - eee 
f this great resistance the carbon is raised tc S 
ie erature and a portion of it is converted into c 
. which is a sufficiently good conductor to allow 
a steady current to flow through it. fae 
The temperature necessary for the oe. ee 
bon is not reached at the extremities o ds, - 
dt he positive. The temperature of the negative, 
oe : : Uae point is always considerably lower than 
a a : ositive. The difference is due to the fact that 
| eee of the energy is ee into BAe 
positive carbon. e averag: 
we — Lae - a the distance between the 
ee hich govern the length of the au a 
with the kind of carbon and with the active elec 
Ete crater formed at the end of the positive ae 
due to the combustion of the carbon, and the shape of thi 


ion of the 


e 
crater depends upon the length of the arc. In appearance — 


of a 

the crater of the positive carbon suggests the ie - 
lcano. The end of the negative carbon 1s conica ; ak 
This oe chiefly to combustion, but is contributed to by 
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the deposition of particles of condensed carbon vapor from 
the positive pole, which help to build it up. Both terminals 
lose weight, but the positive more rapidly than the negative: 


This description applies to the carbons of a direct-current 


arc. 


These particles of boiling carbon can be seen floating 


off from the positive carbon by projecting the image of the 
arc on a screen or blank wall. Part of them float off into 


the surrounding media and part in a condensed form, as has 


been stated, are conveyed to the end of the negative carbon. 
This is a characteristic action of the current, and partakes © 


of the nature of cataphoresis or the actual transfer of sub- 
stances, from the anode to the cathode. . 

The crater of an electric arc has a very high temperature, 
that of boiling carbon, 3,500°C. or 6,332°F. as proved by 
Violle, the interior of which is the brightest part of all. The 
intense heat thus generated can be realized when the melt- 


ing point of platinum is considered, which is 1,775°C. or ~ 


3,219°F. The size of the crater varies with the size of the 
carbons and the amount of current consumed. The tem- 
perature of the negative carbon is between 210092 50F. 
3/72". and 2,500°C. or 4.532°R.. This tremendous tem- 
perature of the electric arc renders it very efficient in electric 
welding and in operating electric furnaces. Both tempera- 
ture and luminosity are chiefly due to the conversion of etec- 
tric energy into heat, but are partly derived from combustion 
of the carbon in air. | | 
Lhe dazzling brightness of a carbon arc, a miniature 
sun in fact, is such that it can only be observed through 
smoked or densely colored glass. Upon examination in 
this way, the observer notes that the arc or bow-shaped 
bluish flame which appears in the gap between the two op- 
posed carbons is very much less brilliant than the ends of 
the carbons themselves. The characteristic change in the 
shape of the are will be noticed after it has been maintained 
for a short time, ie., the end of the positive electrode is hol- 
lowed out in the form of a small crater, while the negative 
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or opposed carbon has a minute nipple-like projection formed 
on the end just opposite the crater in the positive carbon. 
‘The positive carbon is brighter than the negative, but most 
of the light, however, issues from the crater itself. As 
‘the power of any body to emit light increases with its 
temperature, an inspection of the arc quickly confirms the 
statement made that the crater is the hottest part of the 
Parc. 





With the current strength ordinarily employed, the in- 
candescence of the carbons extends to but a comparatively. 
short distance from the tips. This is the region in which 
the burning of the carbons of the oxidation is most marked.» 
After the arc has been maintained for awhile under thie: 
double influence of volatilization and oxidation, the ends of 
the electrodes assume a more OF less irregular shape. This 
is shown in Fig. 1. ee 

Careful observation, through the medium of smoked 
Biases, of the conical-shaped ends of the carbons, will re- 
veal minute globules of molten matter, scattered here and 
there over their surfaces. These are supposed to be molten 
drops of various mineral impurities in the carbon. The 
more nearly pure the carbon the fewer they will be. It an 

iron cored carbon, positive, is used, there will be observed © 
tiny drops of molten ‘ron on the tip of the negative. 

In operating an arc, the crater does not maintain its posi- 
tion, but shifts from point to point on the surface of the posi- 
tive carbon or electrode. This is explained by the following 
fact. As the carbon is consumed by volatilization and oxi- 
dation, the edge of the crater becomes unequally worn at dit- 
ferent parts, and the tendency is for the arc to establish 
itself at the point where there ts least space between the two 
carbons. In this way a new crater is temporarily formed. 
Impurities in the carbons also determine a different rate of 
volatilization with the result of the formation of the crater 
at the point where volatilization is most active. It is very 
essential for the best results, whether as an illuminant only 
or whether it is to be employed therapeutically as a minia- 
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Fig. 1.—Carb 3 
The up : ons used in clinical B a 
per or z work with 2 i 
loweror aie cane carbon shows the crater-lj u 25-ampere arc. 
cand gative carbon the nipple-lik ater-like depression, the 
escence is clearly sh SE ee 
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eee. the double influence of volatilization and 
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ture sun bath, that carbon: 
oe ons of the greatest purity should be 


By reason of the shifting of the position of the ie 
rom the above causes, the light becomes unsteady and 


ficken: 
ckering, which results in an unequal distribution over the 


surrounding space. ‘his has been obviated in the practical 
operation of the are by utilizing carbons of the ee 
diameter compatible with the amount of current aor 
in order to reduce the area over which the arc can shift, and’ 
also by the introduction into the centre of the carbon Gee ! 
of softer carbon. By the use of such a core there is secur i 
the greatest liberation from the central can and the oa: 


sequent formation of the arc at these parts. These are 


known commercially as cored carbons. Usually but one car- 
bon is cored, viz., the positive, as this is the seat of the crat 
where the trouble arises with the ordinary carbons Ir 
therapeutic work cores of iron, an iron rod passed don h 
| the centre of the carbon axially, or iron incorporated int a 
appropriate solidified mass are used. As iron when ace 
: ized is extremely rich in chemical activities. its use is = 
desirable where the production of the Handi i f ite 
violet rays is desired. ? ae 


: By reason of the rapid vaporization of the positive carbon — 
It wastes twice as fast as the negative. This is the reason 


et iS oe where large currents are used that the 
sitive carbon should have twice the thi ; : 
1 

ee : ckness of the nega- 
Ihe arc proper is separated from the crater by a thin 
ayer of carbon vapor, which has in all probability a high 
: oe resistance. This layer of carbon vapor is of bulbous 
shape, violet in color and consists of conducting carbon 
particles condensed from the vapor. 

The region around the arc in which the combustion is 
going on is distinguished by a green flame. Kighty-five 
es cent. of the light of the arc comes from the positive car- 

on, IO per cent. from the negative, and 5 per cent. from the 
arc proper. Although the temperature of the arc i¢ high, its 
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emissive power is feeble. The sources of light in the arc are 
(1) the crater, (2) the remainder of the hot end of the posi- 
tive carbon, (3) the white hot spot on the negative carbon, 
(4) the remainder of the hot end of the negative carbon, (5) 
the arc vapor2 | | 

The light emitted by these 5 sources together is called 
by Mrs. Aryton the light of the arc; while the light emitted 
by the arc proper she terms the vapor light, or the light of 
the vapor. | 

It is this vapor light which concerns the physician. AS 
has been shown the color is that of violet, and from it: pro-- 
ceed the short high frequency wave lengths or ultra-violet 


rays as well as the blue and violet, all of which have well- « 


marked actinic properties. The longer the arc the more of. 
the vapor mist. This means that the arc mist would be 
cooler as the average temperature of it is lowered by in- 
creasing the length of the arc. As the carbons are drawn 
apart, the arc stream tends to spread out further. The 
amount of light emitted by the unit area of the crater is 
practically the same when the power supplied to the arc is 
raised sixty-fold, and is independent of the size Or tne cal. 
bons and of the length of the arc. This was demonstrated 
by Violle.? : 

: By increasing the current, with given carbons, at a given 
distance apart, the size of the crater is increased, and there- 
fore the total arnount of light emitted, but there is no increase 
of the amount per unit of area. If the temperature of the 
crater is that of the volatilization of carbon, it could not be 
increased, provided the pressure remained constant, however 
greatly the power applied was increased, and therefore it 
would not be expected that there would be more light emitted 
per unit of area. The principle involved is the same as in 
boiling water. The temperature of boiling water cannot be 
raised even by using a more powerful source of heat. The 


*Aryton, p. 314. 
*Ganot’s Physics, p. 860. 
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temperature of the s 


} ace bet 
eee p e€tween the carbons may be 


the surface in the same Way that 


d 


Since the cur 


: rent is conducted by that highly } 
; oO be expected that such a conduct 
assage of a current the same as 


or will 


be heated by the Pp 
a solid 


or a liquid. 
ee An electro-motive force of more th 
ee 40 to 59, IS necessary to maintain 
ar are giving a current 
ener 
= : es f ae that this high E. M. F. is needed b 
oe ae ecause 
eo ae ao _ i at the crater in the Seo 
ie mount of energy i : 
ie y 1s needed there f | 
y Ee oe 2 the carbon. This high apparent ree = 
» Obtained by dividing the difference of pot ' al 
entia 


an 40 volts, usually 
; a steady arc between 
Or IO to 15 ampéres. It is 


b y e e 


Me which ic variable with the c 


as ur 
ditions, is generally attributed to a ¢ ee er com 


ombination of two or 


d 


effect at the positive carbon, and per 


: ae haps sti : 
mo-electric potential at the negative ae till another ther- 


Accordin 3 
ae : ee oe Thomson this potential difference is 
a cc a oe the ee electrons are 
\ é IO of ani 

a ee than an ohm. For ar 
ee i an inch in length, the resistance is given 
are an ohm, while roughly speaking a resist- 
ee ‘ an arc one inch in length is given 

: gth of an arc is from the hott oe. 
tip of the negative, not from the ae 
1s only its apparent length. This r : 
that of any other conductor, increas < 
and diminishes with its Gi ae 
by Mrs. Aryton that the film of on 
crater has a relatively high specific : 


e of the crater which 
Istance of an arc, like 
with its actual length 
It has been suggested 
on vapor close to the 
esistance and that the _ 


much ~ 


1eated | 
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temperature of the crater may be accounted for by its resist- 
ance tather than assuming a large back E. MOE. 

Care should be taken in the adjustment of carbons. If 
they are too far apart, or too close together, the arc is noisy 
and fluctuating, and if the distance between them is too 
great the arc flares and flickers from side to side. Thus the 
chemical combustion is increased, with the result that the 
electric efficiency is reduced when the distance is too small, 
while the illuminating power of the arc is reduced by each 
carbon acting as a screen for the other, and the crater is 
diminished in size. By the reduction in size of the latter, the 
efficiency of the arc in therapeutic work is diminished, for 
the longer the arc and the larger the crater, the greater num- 
ber of the short high frequency waves or ultra-violet light, 
intrinsically so valuable. This is because of the increase in 
chemical combustion. The longer arc offers a greater oppot- 
tunity for the air to oxidize the carbon. The longer the arc 
the greater the E. M. F. required, and when more than 80 
volts is used there is a great increase in the quantity of 
violet light given off. This is not well for purposes of illu- 
mination, but it is just what is needed for therapeutic work. 

There is no difference in the appearance and consump- 
tion of carbons .when an alternating E. M. F. is used, for 

_ by reason of its physical nature changing at both signs, posi- 
tive and negative, with each alternation, there is no polar 
action as with the direct current. Each carbon maintains a 
rounded appearance, there is no formation of a crater and 
they are consumed at the same fate. The upper carbon 
wastes 8 or Io per cent. faster than the negative, due to the 
ascending heat. When an arc is fed by an alternating cur- 
rent the arc is no longer a continuous flame, but is lighted 
and extinguished at every reversal of the current. 

The’ candle-power of an electric arc depends upon its 
volt-ampéres. For example, an arc with a pressure of 50 
volts, and giving a current of 15 amperes, expends a power 
of so volts X 15 amperes, or 750 volts. This is equivalent to 
about 1 horsepower. As .75 of a volt is required to produce 
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the light of 3 
Thoreisre if a cee volts will give 1,000 candles 
ee ae ES operating two arc lamps connected in 
See es of 50 volts and a current of 1 
nude, the body is b i ae bath, in which the patient fe 
ea ie ed in a sea of light of 2,000 candle- 
fd eke each square inch of surface but a small 
Giese Bae e gies are delivered, there is 4 Very Con- 
tee cite io hergy expended by reason of the ver 
ene ae exposed, i.e., the entire body. This 
white enamelled ae mae He cabinet enclosure and the 
Pie an , iovidine as they do the best of 
In the Li 
of Finsen, lees at Copenhagen, under the direction 
ee a Gama ae se Ure ronet are used. This 
eo Be ae: ee of light, and with the increased 
ter of the carbons a upwards, and the increased diame- 
crater, which eS ectrodes, there is afforded a large 
means a larger unit of area. And as it ne 


light emitt 4 
itted by the arc proper, called the vapor light or th 
Cr, 


light of the 1 - : : 
pees See va ee oe in chemical activities or 
violet, th , s, trom the blue to - 
ee eee of lamps of high see aie 
is essential ‘at th . quantity of light, so active, chemical] 
ne eae reatment of well-organized and a 
ler for lons, as in long-standing cases of | : 
example. : upus 
Quantity Necessary as wi 
hes v3 with the Continuou 
ies — obtained from the se eee 
ee os ae arc from lamps of high penis 
and long-standing | Cat the treatment of deep-seated 
continuous curren esions, 1s comparable to the use of the 
sbeek Ge a oe in es and deep-seated path- 
fentone fede Sue e, exudates about the sheaths of 
ular surface of joints. : 


From th g o 
e use of currents of high potential and high fr 
5 es 


“Aryton, p. 314. 
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btain results as quickly in these 
ction of the continuous current. 
h both, but there is not that 


quency it is not possible to 0 
cases as with the chemical a 
There is a chemical action wit 
quantity, coulombs per second, with the one that there is with 
the other, which is essential to the production of the changes 
necessary to the absorption of the organized exudate. This 


is likewise true of condenser lamps, excited by high-tension 


coils or static machines, and also iron electrode lamps of low 


ampérage. The chemical activities thus produced have not 
the quantity of the larger lamps, which is absolutely essen- 
tal in the most thoroughly organized skin pathologies of 
wherever a deep-seated action. is required. or more recent 
and superficial conditions the lamps of lesser quantity are 
equally good. 

But lamps of lesser amperage do good work if the light 
emitted by the arc proper Of vapor light is utilized near 
its source. By their passage through air, the precious ultra- 

violet waves are absorbed to a greater oF less degree, accord- 
ing to the distance. The same is true of that portion of the 
ultra-violet region known as the bactericidal region when 
passed through water. It is estimated that four-fifths of 
the bactericidal activity is lost in passing through but 
And as in the Finsen apparatus the con- 
densing lens is at least three feet from the vapor light 
emitted by the arc proper, and passes through from 4 to 
6 inches of water, there is a very considerable loss. With 


the enormous candle-power of the lamps used by Finsen, 
this is of little moment, but with the lamps of lesser amper- 
age commonly used in office work, it becomes a matter of 

lamps of lesser amperage, 


very great moment. In using 
without water-cooling cylinders and near the arc itself, the 
difference 1s not proportional to- the diminished candle- 


power, as in the latter instance few. of these short high-tre- 
quency waves are lost as compared with the higher candle- 
power lamps where the beam is not only used farther from 

All the energy of 


its source, but filtered through water. 


the light from the arc, whether in the form of light, heat 


2.5 cm. of water. 
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or anything else (gases produced 
of the crater. 
| Measurements which have been made show a ‘correspond- 
ence with the compound radiant energy,of the sun’s sur- 
face, wiz., at the rate of 100,000 horsepower to the square 
meter. ; 3 


There is always a definite ratio between the energy of 


any body and its temperature, therefore, if the radiant of. 


two bodies is the same, so is their temperature. That of 
the radiant dot of the electric arc is nearly 6,500°F. This 


would indicate that the temperature of the sun’s surface is 
the same, in view of the 


fact of the correspondence in meas- 
ure Of energy.1 : | 


It has been shown that an increase of pressure does not 
increase the temperature of volatilization. An increase in 
the current strength or the quantity of electricity which 
passes per second through the arc has no increase upon the 
temperature of the arc, and only tends to increase the amount 
of carbon volatilized, and, therefore, the area of the crater. 
This affords, as has been pointed out, an increase in the 
unit of area. 

_ The temperature of boiling carbon is 3,500°C., and is 
the highest which has yet been produced artificially. If 
~ conditions existed under which a temperature in excess of 
_ boiling carbon could be reached, it would mean a source of 
light richer in the visible and invisible frequency of light, 
or short and high frequency vibrational activity; a light not 
only of higher intrinsic energy, but of greater total energy, 
capable of profounder chemical action, the therapy of which 
is yet unknown. But iron which volatilizes at a temperature 
of 1,600°C., although volatilizing at a lower temperature, 
has a high rate of vibrational activity, and gives a spectrum 
rich in the ultra-violet frequencies, but it does not vibrate 
at the slower rate that gives the visible chemical rates and 
those below, and the light, therefore, while possessing the 


“Professor Dolbear. Press clipping. 


), radiates from the middle | 


therefore, is the 
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oy does not possess the total or To 
1 to the best therapeutic ee n ee 
fer temperature at which volatilization ta ae 
os aie reason why, when an iron-cored carbon : 
a. he ositive electrode in the formation of an ae 
| ade of heat is so much less than with sae a ee , 
Be sclatilizes at a temperature ee oe oe ee 
e . 

nue ae a ree rate of ae 
=e be : with iron cores very desirable for the t oe 
Se h a used alone in some arc-light ee 
Ak pie urposes. Clinically, however, the : 
2 eee with the lamps of larger eS ue : 
eo. bons cored with iron are used, than wit : a 
ae Secs with iron Jot eee ne ae 
ae ion 1 the hig 

Bcc oe oe. that the oe : 
stare o which the volatilization of the carbon alo 
tempera 


or that of carbon combined 


-violet 
antity of ultra-v10 : 
sae cee source for therapeutic work 


f500°C. oF 
; temperature O 

ome luminous at a f ; ity increases 
ae increase of luminous intensity Se 
O UW ; 

: temperature. This will not be true of the co oe 
ES . ; ae which will be a light devoid eo ae foe 
of the tu ) ee isual rays. ee 

- os of visual ray 
taining the maximum OT t.: in other 
ee e the firefly is practically 100 per ae 3 
or to emit any 
efly does not seem tt os isibility ; 
oat ck are not within the limits of es 

i ipra ) ; 0 
et practical mechanisms for the ages oe 
of a for illuminating purposes requires ae Sei ae 

ig} € the luminous body be raised to suc : oo eee 
Fe dency of oscillation of its molecules - ae ee 
ee of light as well ie nee the work of Tesla, 

i eCatea A 
-< heat than luminous : oe 5 ation Of 
ae Loe Moore, of Cooper Hewitt, in ee 
B dncine luminous activities without theme. : 


high intrinsic ener 
of energy essentia 


rays are given off, and, 


O32 


with iron, is the one at which the | 
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tionably result in a cold li 
the future. — 


Professor Langley’ states that the Cuban firefly spends 
the whole of its energy upon the visual rays without wasting 
any upon heat, and is some 400 times more efficient as a light 


producer than the electric arc, and even 


| 10 times more effi- 


cient than the sun in this respect. 


The luminous efficiency of the arc lamp is practically as 
high as that of any known artificial source, being about 
73 1-3 per cent., while it is nearly 3 times greater than 


that of the normal incandescent filament, and about 6 times 
greater than that of oil or gas flames.2 
In a consideration of the electric are for therapeutic pur- 
poses the phenomena which take place in the arc mist dur- 
ing the activity of the arc are not only of interest but im- 
portance. Since Sir William Abney* first announced that 
the temperature of the crater was that of volatilization of 
carbon, it has never been doubted but that the stuff of which 
the arc was composed consisted chiefly of the vapor thus 
volatilized. It leaves the positive carbon without doubt as 
vapor, but its temperature must be lowered by the cooling 
action of the air, Tt- must therefore, be considered at a 
very short distance from the crater. Of this there can be 
but little doubt, and in her work on 
Aryton expresses it as her belief that 


the crater, acts just as steam does w 
mouth of a kettle. 


for its temperature 


the electric arc, Mrs. 
the vapor, in leaving 
hen issuing from the 
Through a short distance, small enough 
to continue unaltered, it still remains 
vapor; at a greater distance it is condensed into carbon, 
fog or mist. The true vapor is probably invisible, just 
as water-vapor is (the space that is always between the 
are and the crater confirms this view) but the mist is visible. 
The resistance of true vapor is very great, and consequently 
the resistance of the thin layer of the vapor that lies over 





‘Electrical World and Engineer, Ne Y¥: 


“Houston and Kennelly, Electric Arc Lighting. 
*Aryton, p. 356. 

















ght, as the illuminating power of 
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is so great as compared with that of the remainder 
oe cee, that it is usually supposed not to be a resistance 
oa a EM. F. According to Stark,* there is 
: eo Seana force of the a 3 
: the sum oO 
anode is very hot, and it represents 


3 is not 
ini tension. The latter 1s } 
than the minimum nol 
. the counter E. M. F., but to the fact that eee 
a work must be done at the cathode in or he 
; m é : 
BF ice the radiation of negative electrons in su 
P : 
. : yi ist- 
| ae passage of the current through this Se poe 
ae heat evolved (the greater the resistance, t e - 
oF roduction of heat) is suffictent to volatilize : é o 
e | 
ae es part of the positive carbon, and thus to keep up 
ly of vapor. | | . 
a eee of the surface thus volatilized becomes pee 
‘th a short arc, and the crater is formed by the ac a a 
a heat supplied to it by the thin layer of a ae 
urface. According to this theory of the are. : ne a : ee 
e oa horizontal section of the mist must cae ae 
s) the temperature at which it left the crater, i a 
x nt supply of heat conveyed to it, by oe ee 
Ae (3) the heat evolved by the passage or the eee 
ah it, and (4) the cooling effect of the surro 
a ered 
air The average temperature of the mist must be gee 
by lengthening the arc, and consequently its average 
t be increased.” : 
tke following facts indicate that the ee ne a 
i »C : 
f the light emitted by the 
appreciable amount oO > ig | a 
ie That this mist shares with le and Sa 
chi laced behind it, as were 
r to hide anything pla | 7 a 
ee. not due to too much light, but ne ae ay 
O ; | : : 
(2) The acknowledged and proved ence of s p 


Annales der Physik No. 12; London Elec., Dec. 4, 1904. 
*Aryton, p. 356. 
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ticles in it. 
due merely to refraction.1 


All of these facts concerning the mist are of both interest: 
and importance in connection with the use of the chemical 


activities of light in therapeutics 

the vapor or mist as their source. 
The spectrum of the arc is not only rich in the luminous 

and thermal activities, but is especially rich in the chemical 


, as the evidence points to 


activities. And by the chemical activities is meant not only — 


those of the ultra-violet region, so much talked of, rich as 
that region is in intrinsic energy, but the violet and blue 
violet as well. ee | 
The Spectra of the Electric Arc.—The spectra which are 
formed by artificial lights rarely contain all the colors of the 
solar spectrum; but these colors are always found in the 
solar spectrum and in the same order. Their relative inten- 
sity is also modified. The shade of color which predorninates 
in the flame predominates in the spectra of that flame. In 
yellow, red and green flame, red, yellow and green predomi- 
nate in the spectra. It was shown by Sir W. Abney,? as will 
be seen by tables of light values given below, that the crater 
light of the electric arc was very like sunlight, but that it had 
ati excess of orange and green rays and a slight deficiency of 
blue. Taking the intensity of red as the unit, the composi- 
tion of direct sunlight, of the carbon arc, and of gaslight, 
were found by Abney respectively, as follows: 


pawielt Carbon Arc. Gaslight. 


Red 2.22. $100 
. 203 Geen: 25.95 
228 Violet.... 250 Violet.... 27 


Re 


The hardness of the carbon, the material of the core, 


the current and the voltage, ali infiuence the composition 
of the electric arc. 


By hardness the maximum temperature 


“Aryton: The Electric Arc. 


“Report on the Action of Light on Water Colors, c. 5455, 1888, 
Pp. 25 and 69. oe 


__ 


(3) Its casting a shadow which can hardly be - 
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he crater 1s determined, while the current and ee 
3 ‘ erties of the light fluxes coming from the y - 
Ss ee fPom the violet arc stream. The vapor : 
a Sos to color the light as well as to determine the 
fe ete atic ! > crater. 
ee examinations were made so = 
eee ie little of the arc as possible ee — 
Bs ccove and the crater, and in this way he sect 


’ 


antity of mist is yellower than sunlight, 
hen ec eee through a very long ae = 
ae bright purple. _This is very commonly shown 
Soa ; Gene of the opalescent globes pees 
a apa of the street. This purple oe a oe 
Fes of great chemical activity. fo eS = : o : ee 
X ray tv 
= ee The light of the crater become 
A a ae violet or purple as it passes through the a c, 
er he 1 t deepens as the arc is lengthened. In this, then, 
aS - nd ie reason for the establishment of a long. a 
. a aximmtt of ultra-violet rays is required. or 
a eae come the higher frequencies of the ultra- 
nex | 
a ae becomes colored by passing through ee 
of Pee blue, red or green, for eee : 
Janation is to be found in the fact that the glass p - 
Se. 5 olor, absorbs certain colors and perm 
. . ae | For example, with blue glass, the rays 
oes a : eee are absorbed, therefore a blue a 
. . a Hie maximum of chemical activities below as 
es ae region, but not the ultra-violet, however, as 
at eo to ultra-violet frequencies, 1.¢., below 
g ae 
7 ees very rational explanation of the phe- 
a ach re in the electric arc to produce the gees 
Pee mis The arc, except a thin layer quite close to 
i. oe of a inet of solid carbon particles, which are 
Cc b) 
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continually forming and falling, surrounded by burning 
gases. ‘he vapor and gases must absorb a minute, possi- 


bly an inappreciable portion of the light that issues from _ 


the crater. If this were all, there would probably be no 


maximum of light with a given length of arc, but the solid - 


carbon particles have to be reckoned with. The whole 
quantity of light absorbed might still be too small to notice, 
if the light simply passed through each of these particles it 
encountered and suffered only the small amount of absorp- 
tion that would naturally occur. 
But a ray of light when it encdunters a red hot particle 
is not only refracted, but some of it is reflected, so that each 
ray may be reflected from particle to particle, and traverse 
the mist hundreds of times before it finally emerges. At 
each reflection and refraction part of the light that the car- 
bon particle is capable of absorbing is absorbed, and accord- 
ing to physical laws, a ray that has suffered much internal 


refiection must emerge in a different state from that in 


which it left the crater. 


* If the carbon particles were capable of absorbing the 
orange light and a certain amount of the green, permitting at 
the same time the passage of the violet light, then each stuc- 
cessive reflection or refraction would result in more violet, 
while that which had encountered many particles would be 
entirely violet. A dazzlingly brilliant light is not given by 
incandescent gases alone, and in looking at the arc mist 
only, screening off the whole direct light from both carbons, 
the part of the crater light transmitted to the eye from the 
solid particles, entirely swamps the feeble light emitted by 
the gases, and a brilliant violet or purple light is perceived. 


In this way is the brilliant light of the arc alone accounte 
for. 


A simple experiment shows that the light emitted by 
the arc mist is violet, while that emitted by the crater and the 
white hot spot on the negative carbon is white. Take a thin 
metal plate containing a horizontal slit,| about 1/16 inch in 


*Aryton, pp. 358, 359, and 360. 
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2 . e t 
‘dth, hold it vertically near the arc, so that the slit 1s a 
a ‘distant from the ends of the two carbons. Have av a 
eights screen a foot or two away upon ae Ee i ee 
i -¢ that passes throug e 
ie we 1 bands on the screen, the 
is ‘ll form three horizontal bands : 
cad lower ones white, and the middle one : 2 ee 
a inhole elongated horizon- 
‘olet. The slit corresponds to a pit | 
i, therefore the upper white light proceeds ee 
Bo tive carbon, the lower from the crater, and the 
violet band is lighted from the mist. ) ee 
Or again, the upper carbon and part or the pale 
shaded with any opaque body, an se ae oe ae 
! d with a broa 
dow on the screen 1s edgec eS 
ee represents the portion of the screen Sa iS ae 
Died by the mist and the negative carbon alone, the re 


d is 
part of the carbon gives the rosy tinge. Below the band 1 


the part illuminated by all three cote Se 
white hot spot, and this oe looks quite 
ie ae ae Aryton, whose eee 
are quoted, that the crater light is far ae Be 
emitted than when measured, and as the use ee 
peutically corresponds more nearly to the ee nets 
hotometer when it is measured, it follows tha es 
a chemical activities are easily available for such p 
when an arc is lengthened, the arc mist is cooler on the 
whole and under these circumstances there would ee 
solid particles, and each ray stands a better an pee 
of encountering one ot more of these a be _ e i 
ing. ‘Thus, more of the light on the who : ve : a a 
sorbed, and more of the rays robbed of a . a ae 
particles were capable of absorbing before see a : 
on the whole, the light would be more oe . ee 
shorter arc, as it actually is. Every are ne 
used for therapeutic purposes should thereiore oe 
for as long an arc as its automatic feed arrang 
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ie | 
permit, in order to secure the maximum violet and ultra 


violet rays. 


In drawing a long arc, there is ample room for lateral - 


spreading, therefore its resistance is capable of bei 

= eae by an increase of current Sek 
eS 2 ane = all directions, the cross-sectional 

; increase 1 ( 

the length of the arc may be ere Sie : 
decrease in its resistance attendant upon the increase Hh 
te of the cross-section. This diminished resistance in a 
ong arc, from which the highest chemical activities 

cured, means diminished heat. : ieee 


Such a iS i 1 
n arrangement is impractical when the arc is used 


for ce purposes, as “aimost the whole of the in- 
een aoe to be supplied to the arc when it is 
wasted. And poe Geena copes 
where illumination only i 
ee ae be to have the carbons nearly touching os it 
oe negative carbon stops some of the light.” 
ae ae and Mrs, Aryton, ‘as a result of-a series of ex- 
nts, combined with careful observation and exact 
photographic records, found that when a direct current ea 
arc 1s maintained between vertical carbon rods, the ne 


carbon being uppermost,— 


I. The tip of the iti 

positive carbon is white hot 
tip = the negative has a white hot spot on it. ae 
on . ae hot crater forms in the end of the positive 

, and a more or less blun oe 

aan t point forms on the end of 
: aan The space between the two is filled by a violet 

g ,t e shape of which is defined by a shadow, which in its 
= is bounded at its sides by a green light. 
e ee ends of both carbons are tapered, and the 
. gth of the tapering parts is increased both by increasin 

e current and by shortening the arc. : : 
V. The diameter of the crater increases as the current 
increases, and also as the length of the arc increases 
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VI. With uncored carbons, the violet part of the arc 
is bluer, and all parts of the arc are larger than with cored 
carbons. | 
VII. With uncored carbons, the violet part of the arc 
is of the form of an oblate spheroid when the arc is short, 
gourd shaped when it is long and the current is very small. 
VIII. With cored carbons, the violet part is of the form 
of an oblate spheroid when the arc is short, gourd shaped 
when it is long, and sometimes almost of the shape of a 
figure 8 when the arc is very long for the current flowing. 
TX. When the negative carbon is cored, a crater is 
formed in the tip exactly as if it were a positive carbon." 


Hissing Arcs.—It will be noted in operating electric arc 


mechanisms, that at times the arc gives out a hissing sound. 
This has been the subject of elaborate study, investigation 
and experiment by Mrs. Aryton, who has shown that the real, 
crucial distinction between a silent and a hissing arc is pro- 
duced by the crater becoming too large to occupy the end 
only of the positive carbon, and by its, therefore, extending 
up its side. When the crater occupies the end only of the 
positive carbon, the arc is silent; but when it not only occu- 
pies the end but extends up the side as well, the arc hisses. 
The extension of the crater then is the cause, and this 
extension is due to the presence of air. When an arc is first 
formed there is always a hissing sound which is due to the 
ce of air around the carbons when they are cold, so 
that when the crater is first made its surface must combine 
with the air; just so when it hisses it is due to an inrush of 
air into the arc. Hissing is avoided by the use of enclosed 
arcs, preventing thereby access of air to the arc, but in 
therapeutic work enclosed arcs should never be used because 
of the intervention of the glass enclosure. 
A hissing arc is accompanied by a sudden diminution of 
potential difference. This diminution is due to the oxygen 


in the air getting directly 


presen 





1The Electric Arc, Mrs. Aryton. 


at the crater and combining with 
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the carbon at its surface. No such effect is produced by 


nitrogen, carbon dioxide or hydrogen, but the same is true of 


air showing that this diminution of potential difference in a 


hissing arc is due to the presence of oxygen. With the hum-_ 


ming and hissing a green light appears in the crater and 
with hissing, clouds partially cover the crater; and the car- 
bon vapor becomes flattened out between the carbons. 

The student who is interested in the phenomena*f the 
electric are will find Mrs. Aryton’s study of it most inter- 
esting. : 

Alternating-Current Arcs. — Alternating-current arcs 
may be used for all therapeutic work other than with con- 
densing or focal lenses as in the Finsen tube. 

This exception is due to the fact that in an alternating 
current the direction of the flow is constantly changing and 
each carbon becomes alternately positive and negative. 

In an alternating-current arc there is no crater formed 
at the end of the positive carbon, nor opposing nipple-like 
projection on the end of the negative. There is therefore a 
different distribution of light and the rate of the consump- 
tion of the carbons is approximately equal. 

Alternating-current arcs are considerably influenced by 
the frequency of the alternations. If the frequency is below 
35 periods or double reversals per second, the arc distinctly 
flickers. This produces an unpleasant varying visual effect 
owing to the rapid extinction and production at each -pulsa- 
_ tion of the current. A frequency of about 60 cycles or 120 
reversals per second is generally regarded as the most 
suitable. 

If the frequency is above 70 cycles or double reversals 
per second, alternating arcs develop a tendency to a distinct 
humming note which at higher frequencies becomes annoy- 
ing. But 35 to 4o volts pressure are required by alternating- 
current arcs. An alternating pressure of 35 volts means a 
maximum pressure of about 50 volts in each wave, or if an 
E. M. F., which rises to 50 volts at the peak of each wave be 
used, the effective E. M. F. will be about 35 volts. The real 














THE PHYSICS OF LIGHT ENERGY. 107 


pressure required is therefore practically the same for both 
continuous and alternating-current arcs. There may be 
a wide variation in ampérage as with the continuous cue 
but for an ordinary electric arc cabinet 15 ampere arcs 
are sufficient. In common with continuous-current arcs 
alternating-current arcs require a regulating lamp mechan- 
ism in order to maintain the carbons at a constant distance 
apart. The character of this mechanism 1s changed to ee 
the changed conditions, that is, an almost equal burning o 

the two carbons. Alternating-current arcs however can 
never be connected directly with the mains of the oe 
supplying alternating currents, as they can to the mains o 

the generators supplying continuous currents. An appara- 
tus known as an alternating-current transformer must 
always intervene between the mains of the generator an 
the lamp mechanism. These transformers are provided with 
both primary and secondary circuits; the primary 1s ae, 
nected directly with the generator at a comparatively hig 

pressure 1,000 to 2,000 volts being very commonly used. 
The secondary circtiit is connected with the arc-lamp mech- 
anism or incandescent for that matter wherever installed, 
usually at a pressure of about 100 volts. 

In the event of a single arc lamp being used the pressure 
is about 33 volts. If however a number of incandescent 
lamps have to be supplied, a pressure of 100 volts must be 
generated by the secondary coil of the transformer, but in 
order to keep this pressure down either a resistance or a 
choking coil must be introduced to cut the pressure down to 

ak 
- a Influence of a Magnetic Field upon an Alternating- 
Current Arc.—The alternating-current arc has been shown 
recently to have characteristics peculiarly its own. C. Hie e= 
dell? points out additionally its very tet ue Wore to on 
ina magnetic field. ‘That any arc may be “blown out” by t i 
approach of the poles of a magnet is a well-known fact. 


1 Houston and Kennelly: Electric Arc Lighting. 
~ 2C. H. Bedell, Electric World and Engineer, Sept. 13, 1902. 
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a magnet of the horseshoe type be used, “blown out” cor- 
rectly describes the phenomenon. If a bar magnet is used, 
the arc is forced out at right angles to the line of the mag- 


net and not directly away from it, as the “blowing out” 


would lead one to suppose. The principle is the same as 
that which governs the action on wires carrying current on 
the surface of a motor armature, i.e., the direction of the 
flow of the current, that of the lines of magnetic force, and 
direction of movement are all at right angles to each other. 


If the north pole of a bar magnet be presented to a direct- 


current arc and the current flows down, the thrust will be 
to the right; if up, the thrust will be to the left. With an 
alternating-current arc, however, the two effects are com- 
bined, and the arc appears to have two wings. While these 
wings appear continuous, they do not exist at the same time, 
but follow the alternations of the current. 

The appearance. of the arc under the influence of the 
magnetic field is interesting, as the wings may easily be 
made to have an extent of 5 inches from tip: to tip, and 
with an upward curve due to the currents of heated air. 
In attempting to photograph such an arc, it was found neces- 
sary to shield the lens from the strong violet rays of the 
arc proper, in order that sufficient exposure might be ob- 


tained on the wings. The ends of the carbons, as shown Dy 2 


the photograph, although brilliantly incandescent, do not 
appear to give out many chemical rays. A short exposure 
was made to suit the violet arc, and the result indicated that 
but little violet light was given out by the incandescent ends, 
The question, therefore, arises, is not the curve of illumina- 
tion for actinic rays for any arc lamp quite different from 
the curve of illumination for visual rays? Graphic illustra- 
tions of the current curve, both before and after separation 
by magnet, are shown in Bedell’s article. 

Carbons and Methods of Arrangement.—As has been 
indicated in previous pages there are two classes of carbons 
used in arc lighting, viz., solid and cored. Their diameter 
varies according to the voltage and the current consumed. 
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For those in general use, the average resistance is 0.15 ohm 
Zz Mid Carbons.—These vary according to their purity, 
molecular structure and hardness. The best are known i: 
the electra or Nuremberg carbons, and are manufacture 
in Germany. The electra of domestic manufacture are a 
comparable to the Nuremberg carbons as to purity and hard- 
ness. The former resemble graphite in these respects. Car- 
bons are very apt to be filled with impurities, all of which pre- 
vent the securing a true carbon spectrum. There may be an 
increase of the frequencies of one or another portion of 
spectrum, by reason of such impurities. Lf ip cee 
with iron pyrites, for example, there will be an increase in 
the ultra-violet frequencies, which is not objectionable for 
considerable therapeutic work. Where iron 1s used, HOME 
ever, it is better it should be pure. Sodium, on the othe 
hand, would give an increase in yellow. : 
Cored Carbons.—These are solid save for a hole ae 
runs axially through the length of the carbon. ‘This hole 
is filled with some material softer and more readily volatil- 
ized than the remaining carbon. Usually, it isa mixture 
of carbon and some metallic salt. The object of this core in 
illumination is twofold: (1) to decrease the voltage for a 
given length of an arc, or (2) to increase the length of an 
arc for a given voltage. Initially, this has the effect of Te 
ducing any irregularity in carbons or the feeding eee 
to a less percentage of the whole length. In addition, the 
core, by affording a plentiful supply of vapor, tends to 
maintain a stable condition of ‘the arc. By the use of a 
cored carbon, the tendency is for the arc to remain located 
in one spot, i.e., at the core, instead of travelling in an irregu- 
lar fashion all over and around the end of the carbon in a 
effort to establish the way of least resistance. The core 
does that, and thereby maintains a steady non-fluctuating 
arc.. The core of a carbon may also be used for the pur- 


‘Imported by Hugo Reisinger, 71 Broadway, New York City. 
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pose of intensifying certain portions of the spectrum. This. - 
is very important in therapeutics where it is desired to in- 
crease the number of the highest chemical frequencies or . 


ultra-violet rates of vibration. For this purpose carbons 
cored with iron are of great service. The ones manu- 
factured in this country are inferior to those 
The Nuremberg carbons are prepared with powdered iron 
incorporated into the mass which forms the core. When 


similar carbons are placed vertically one over the other, 
their relative consumption depends upon the amount carried. 
off by: (1) volatilization and electrolytic action; (2) oxida- 


tion of the air; and (3) mechanical disintegration by air 
currents. Putting aside the oxidation of the air, the life 
of carbons of different diameters increases in proportion to 
their sectional area. To increase the conductivity of the 
carbons they are sometimes plated for about nine-tenths of 
their cylindrical surface with a thin layer of copper, the tip 
only being left uncoated. The primary object of the plat- 
ing is to reduce the contact resistance of the carbons. A 
copper-plated carbon would secure to the spectrum the rates 
of vibration of copper in addition to that of carbon. Few 
of the copper lines are sharply defined, even on one side, and 
the spectrum, therefore, has a peculiar appearance. In the 
Bunsen flame cupric chloride produces a band spectrum 
extending over the whole field with the exception of the 

violet ; the same spectrum is obtained with the metal if the 

flame contains hydrogen chloride. The absorption spectra 

of copper salts are not characteristic, as the compounds pro- 
duce total extinction both in the red and violet. The addi- 
tion of copper has no advantage therapeutically. 

With the use of heavier currents from 50 amperes up- 
wards, the carbons become hotter and are oxidized farther 
back from the ends, and, therefore, have longer points. In- 
side of the crater, the positive carbon wastes away by elec- 
trolytic action, and outside of the crater by the action of 
the air upon it. This wasting in an open arc is twice as fast 
for the positive as the negative. The consumption of the 


imported. | 


: . Lick 
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negative is due to the oxidization of the air Bae mee 
5 is increased by the carbon particle 
ing as its temperature 1s incre: j : 
aa osited on it, and by the heat reverberated from He aoe 
aE he shorter the arc, or the closer the positive to t : nes 
; 2 
tive, the greater will be its heating effect upon it. sl : 
Bion arcs the deposit of the particles of ee oe 
ite 1s ith long arcs, so muc | 
raphite is greater than w1 y oO 
oe accumulates faster than it wastes ee ae 
int 1 d on the negative whic uly 
or second point is forme ee 
long arc these particles ) 
crumbles away. In the long Meee 
e to reflect and refrac 
carbon float about and serv 7 a 
of light, thereby increasing, as has been pointed out, t 


en 
violet and ultra-violet frequencies. Carbon that has been ~ 


ite. 
exposed to the temperature of the arc is turned a Jee 
The tip of a negative will write as will a pencu, an 
itt jante: 
ositive also shows some grap | ) 
: The Arrangement of the Carbons of Arc-Light oe 
isms and Reasons Therefor.—The arc mechanism we - 
: 
arranged with the electrodes in a perpendicular or ver 


tuse 
position, horizontally or at an angle varying from an ob 3 


to a right angle. In vertical arcs, the ae oe 
; is lies in the 
The reason for this hes ac 
usually the upper one. 0: ee 
in the positive carbon by 
that the crater formed in a 
is the source of the mos 
zation of the carbon 1s st ae 
light, and by placing the positive carbon a0 the ae 
‘ is 1 rule desirable for purpo 
is thrown down. ‘This is as ar | 
of illumination. If it is desired to illuminate the ve 
above rather than below the arc, the position of the - a 
i izontal arc, aS in a marine Ss 
is reversed. In a horizon ,e : a 
light, for example, where a Mangin ae a ee : 
vee itive 
k of the arc, the pos 
is placed at the bac sittv feeee 
t tive, thus directing 
laced in front of the negative, | ee 
ae the reflector and away from the object ee ee 
the illumination is to fall. The reason for this is ; a a Sue 
emerging rays shall be parallel, in which con oe ay 
an) ; ; : 
Pienaty is theoretically the same at a x Ls 
tically not, owing to unavoidable dispersion, due to 
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of the light-emitting surface, aberration in the reflector, and 


the refraction and absorption of the atmosphere. With the 
crater turned toward the front of the searchlight, all of its 


rays that did not strike the reflector would be divergent in- — 


stead of parallel. The carbons in searchlights, as in projector 
lanterns, locomotive headlights, may also be inclined at an 
angle varying from an obtuse to a right angle. . When the 


carbons are inclined away from an object so that the maxi- — 


mum rays at an angle of about 45°, from the axis 
of the positive carbon will be directed nearly horizontally 
at the point to be illuminated. -This method is used, as will 
be seen in discussing apparatus and arrangement: of 
mechanisms for therapeutic work. Besides being tilted the 
upper carbon is often set back somewhat out of line with the 
negative, which brings the crater at an angle without tilting 
the carbons. Arc-lamp mechanisms so arranged are very 
difficult to feed automatically and therefore are apt to 
be hand-fed lamps. In the various arc-light mechanisms in 
use for therapeutic work, the arrangement of the carbons 
differs: In the lamp used in the Finsen Light Institute at 
Copenhagen, with the Finsen tube, the carbons are arranged 
vertically and the tube, with its condensing lenses of quartz, 
is placed radially to this powerful arc, so that the light 
from the arc impinges upon the lens at the proximal end at 
an angle of about 45°. The well-known London Hospital 
lamp, originally the Lortet-et-Genoud lamp, has the car- 
bons inclined at an angle of about 45°. This is theoret- 
ically the best position of the carbons, for the reason that 
the energies of the light of the arc proper, the vapor light, 
or violet mist is brought more directly opposite the quartz 
lens of the water-cooling chamber and is therefore carried 
more directly to the patient. In a vertical arc, the car- 
. bons may be “staggered” or the upper one set back some- 
what out of line with the negative, as indicated, which 
brings the crater at an angle the same as when the car- 
bons are placed at an angle, and renders it possible to 
utilize the light of the arc proper at its full value. The 
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objection to this position of the arc in therapeutic work 
is the necessity of using a hand-fed instead of an automatt- 
cally fed mechanism. In the small iron electrode laps 
the electrodes are placed vertically. The construction of 
these mechanisms is.stuch as to preclude any different post- 
tion of the contacts. ee 
Regulators of the Electric Arc.—For therapeutic work, 
as well as for the purpose of illumination, it is necessary 
that the light must be continuous. To this end it is not 
only essential that the current should be constant, but 
that the distance of the carbons must not alter. 
Therefore it is necessary to use some arrangement by which 
they may be brought together in proportion as they ae 
away. Two methods are used for this pipes (1) han 
regulators and (2) automatic regulators. The first is ee 
arrangement of a screw, to be adjusted by hand and whic 
regulates the position of the carbons in relation to one 
another as they are worn away. For therapeutic work this 
is unquestionably the most delicate method, but possibly 
necessitates more careful attention on the part of the opera- 
tor than the second or automatic-fed mechanism. | 
Automatic Regulators.—There are two distinct classes Of 
mechanisms employed in arc lamps: (1) those which main- 
tain constant the distance between the electrodes, but do not 
keep the position of the arc fixed, and (2) those eee : 
only keep the distance between the carbons fixed, but whic 
also maintain fixed the position of the aiGg 
In the first class of mechanisms but one carbon usually 
the upper or positive carbon is fed or moved ; in the other 
class, both carbons are moved and in this case since the 
positive is consumed more rapidly than the negative the 
relative motions of the two carbons must be different. To 
the first class of mechanisms belong the ordinary type of 
arc lamps employed for street lighting. These same arc- 
light mechanisms are used therapeutically in arc-light cabi- 


ICUS: 
14ouston and Kennelly, Electric Arc Lighting. 
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To the second class belong various projectors, search- 


lights or other apparatus employing reflectors or lenses. — 


In the latter instance it is necessary that the arc shall be 
maintained at the focus of the reflector or lens. This is the 
case with the marine searchlight mechanism in use for 
therapeutic work. The feeding mechanism then in any 
form of arc lamp, in order to insure continuous operation 


must comply with the following 3 conditions: (1) It. 


must bring the carbons initially into contact. (2) It must 
then separate the carbons to a suitable distance and main- 
tain this distance. (3) It must cause or permit the car- 
bons to approach when consumption or burning has ren- 
dered their separating distance too great. 


There have been many arc-light mechanisms devised, 
and there are many in extended use. While they present 
minor differences, fundamentally they are practically the 


same, for all lamps suitable for series connections; that is 
to say, an electro-magnet in the main surface operates a 
mechanism which effects the separation of the carbons, 
while another electro-magnet placed in the shunt circuit, 
effects an approach of the carbons. 

The Gases of the Electric Arc—With a powerful 
current a very dull incandescence is observed, accom- 
panied by a bluish lambent flame, over the ends of the 
carbon electrodes when the gap is from 4 to 2 of an 
inch in length. The origin of this flame is exactly 
the same as that which may be observed playing over a hard- 


coal fire, when by reason of an insufficient supply of air it — 


has not reached full incandescence. This is due to the 
burning of the carbon vapor in the oxygen of the sur- 
rounding air. Chemically, carbon undergoes two distinct 
forms of oxidation, producing carbon monoxide, as in the 
case of the hard-coal fire, and also the ends of the carbon 
in the electric arc; and a second but more complete oxida- 
tion, carbon dioxide or carbonic acid. It is believed that 
in the interior of the arc no oxidation of carbon vapor 
occurs, not only because the vapor fills this interior space, 
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and, therefore, displaces the air, but because the ss 
ture of the disengaged vapor is SO high that it is above 
that at which carbon monoxide can exist, widious see 
tion or separation into carbon and oxygen. oe ae 
portion of the arc stream which consists of a violet ub o 
sncandescent carbon vapor, is surrounded by a thin a 
luminous portion where the combination of the ee Ue 
the oxygen of the atmosphere in dark flame takes P as 
form carbon monoxide (CO). As the temperature isa - 
that at which the monoxide of carbon can exist without is- 
sociation into carbon and oxygen, it follows that there 1s 
such a dissociation or separation and the oxygen oe re- 
leased is, in turn, enveloped by a layer: of luminous: a, 
sn which the carbon monoxide burns to carbon oe 
(CO,). Besides this combination there 1s an eee ; 
nitrogen of the air by oxygen set free and uncombine cs a 
ing an oxide of nitrogen. From the characteristic : = a 
well as from the powerful deodorizing or disinfec sa 
nature of the arc when in activity, it has been supposed t 2 
ozone was given off to some extent during the ee : 
the arc. This is not the case.. Ihe odor 1s ae O 
the presence of small quantities of hydrocyanic acl a 
None of these gases are given off in sufficient quanti ies 
where the voltage of the arc does not rise above 55 = o 
to be injurious. On the contrary, judging from a 
results they would seem to be helpful, for as will be s own 
in the use of the arc therapeutically, voltage 45, aS : 4 
series 15 ampéres each, there is evidence of an ae oe 
oxidizing action upon the respiratory mucotts mem ae 
when patients with bronchial asthma, bronchitis, go 
culosis pulmonalis or catarrhal colds are exposed to = 
Activities. So true is this that the author has for the be 
Ir years used an electric-arc cabinet, constructed in stc 


a way as to permit the patient to lie fully within it, head as 


well as body, with excellent results. Whether there 1s an 


‘Houston and Kennelly, Electric Arc Lighting, pp. 21-24. 
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anesthetic effect produced upon the mucous membranes by 
the action of carbon dioxide is an open question. ‘The relief 
from cough is established at the first exposure and persists 
with the continuance of the treatment at successive 
periods of time, nor is there ever any indication of any 
irritating or untoward effect upon the mucous mem- 
branes. 

The production of the oxides of nitrogen in air by an 
active arc has been fully established by Charles S. Bradley,* 
both by experimental work and successful practical appli- 
cation of the principle, to the commercial production of at- 
mospheric products. This is justification for the belief that 
the outcome of all the combinations and recombinations 


which take place during the burning of the arc is the forma-_ 


tion of oxides of nitrogen in the air. The same is true of the 
disruptive discharge from a static machine or a high ten- 
sion coil, but with that there is also a production of ozone 
while the brush discharge produces ozone and no oxides of 
nitrogen. ‘Therefore, if it is desired to produce ozone the 
brush or convective discharge is efficient, if oxides of nitro- 
gen, the electric arc, while the disruptive discharge is un- 
suitable for the one or the other. If it be true that there is 
a momentary production of ozone (due to liberation of 
oxygen molecules, which temporarily unite with O,) at the 
breaking of an arc, i.e., when the physical conditions of the 
arc correspond to the condition of strain in the air, before 
the actual lightning discharge, there is then a reason for the 
belief that there is more ozone produced by an alternating- 
current arc than by a direct one, for by reason of the alter- 
nations there is a constant breaking of the arc. 

Negative Corpuscles, Carriers of Negative Electricity 
from Incandescent Metals and Carbon, their Relation to the 
Arc Discharge.—From incandescent metals and carbon there 
is a very rapid escape of negative electricity. J. J. Thomson? 


*Personal communication. 


*J. J. Thomson: Conduction of Electricity through Gases, pp. 
164, 165. 3 
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in his investigations on the conduction of electricity through 
gases, shows that this electrification from a hot wire icon 
veyed by the same carriers as the cathode rays, 1.€., ee | = 
puscles, “those small negatively electrified bodies whic 2 
all of the phenomena investigated by him, were foun’ to ac 
as carriers of negative electricity in high vacua. : 
“Corpuscles ate projected, according tos his’ t ee 
from an incandescent metal or glowing piece of carbon, ee 
rate of emission being very much greater with a ae t a 
with a platinum filament, amounting in the former w 3 : 
‘5s at its highest point of incandescence, to a current ae 
several ampéres per square centimetre of surface. in = 
fashion the sun and, probably, any luminous star is : . 
regarded as a source of negatively electrified particles, whic 
stream through the solar and stellar systems. When oe 
puscles moving at a high speed pass through gas, they make 
it luminous. In the same fashion when the conB use from 
the sun meet the upper region of the earth's atmosphere, 
luminous effects are produced. These corpuscles are oe 
seminated through metals and carbon, not merely when t Hi 
are incandescent, but at all temperatures ; they are ae 
that they are able to move freely through the metal, ee se 
thus be supposed to behave like a perfect gas contained In : | 
volume equal to that of the metal. The Suc a Ao 
tracted by the metal, so that to enable them to esta into 
space surrounding it they must have sufficient kinetic energy 


- to carry them through the layer at its surface, where its at- 


iated. 
traction of the corpuscles 1s apprecia 
If the average kinetic energy of a corpuscle, like that of 
the molecule of a gas, is proportional to the absolute tem- 
perature, then as the temperature increases, more and more 


of the corpuscles will be able to escape from the metal into 


the air outside. | | 
The phenomena connected with the discharge of elec 


i S to indi- 
tricity from incandescent bodies Thomsont found 


alee): Thomson: Conduction of Electricity through Gases, PP. 
424, 425. 
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cate a different explanation of the arc discharge. An incan- 


descent body, such as a piece of carbon, even when at a tem: 
perature far below that of the terminals in the arc, dis- 
charges, as has been stated, negatively electrified corpuscles 
at a rate corresponding to a current of the order of an am- 
pere per square centimetre of hot surface. If a4 piece of 
carbon were maintained independently at the same high 
temperature and used as the negative electrode, a current 
could be sent through the gas to another electrode, whether 
this second electrode were hot or not. Suppose the anode 
to be cold, then the current would be entirely carried by 
negative ions, these would cause the electric force to in- 
crease as we pass from the cathode to the anode resulting in 
a rapid increase of current with the potential difference. 
If the anode then becomes hot and has some gas in contact 


with it which can be ionized, yielding a supply of positive © 


ions, the current will no longer be carried entirely by nega- 
tive ions, though inasmuch as the velocity of the negative 
ion at these high temperatures is very much greater than 
that of the positive, by far the larger part of the current is 
carried by the negative ions. The distribution of potential 
between the electrodes is very much modified, however, by 
the presence of the positive ions. The latter diffuse into 
the region of the discharge until they are sensibly equal in 
number to the negative ions; when this is the case there is a 
very uniform electric force between the terminals, except 
close to the electrodes. The distribution of potential be- 
tween two hot electrodes bears a great resemblance to the 
distribution of potential between the terminals in the arc 
discharge. By the high temperature. in the interior of the 
metal, an electric force is produced which drives the electrons 
toward the anode. 3 

It is believed by Thomson that the arc discharge is 
similar to the discharge between two incandescent terminals, 
the only difference being that in the flame the temperature of 
the terminals is maintained by independent means while in 
the arc it is maintained by the work done by the discharge 
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itself, which requires that the potential difference between 
the electrodes also the current passing should not sink | 
below certain values. On the other hand maintaining the 
temperature by external air, the smallest potential difference 
is required to send a current. | : : 
Regarding the arc discharge from this point of vi 
then, the cathode is bombarded by the positive ions, which 
maintains its temperature at such a high value that nega- 


tive corpuscles come out of the cathode. T he anode is bom- 


barded by these negative corpuscles which carry by far the 
larger part of the arc discharge and is thus kept ee 
They also ionize either directly by collision or ee , : 
heating the anode, the gas or vapor of the metal of w icl 
the anode is made, producing in this way the supply of posi- 
tive ions which serve to keep the anode hot. The essential 
thing in the arc discharge is the hot cathode as it has o a 
ply the carriers, negative corpuscles, of the greater part e 
the current in the arc. As the metal or the carbon termina 
of an arc volatilizes, the arc goes through a mixture of ie 
vapor of the metal and the air. ane negative corpuscles O 
Thomson serve to produce on ionization of this gas or 
vapor and of the air itself, a condition which to the author's 
mind is comparable to the action of the negative corpuscles 
emitted by the glowing carbon of the photosphere of the sun 
! seous envelope. 
Eke a is Nhe) by a magnetic field in the same 
direction as a flexible conductor would be if it carried a cur- 
rent flowing in the same direction as that through the arc. 
The curved course corresponds to a longer path and the 
effect of the magnetic field on the potential difference 1s of 
the same character as an increase in the length of the arc, and 
just as it is possible to extinguish an arc by increasing its 
length, so the arc can be blown by the application of a strong 


magnetic field.* : | : ; 
The ionic theory of the electric arc has been investigate 


i 


*Thomson, p. 431. 
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to a considerable extent by Stark. In order to make the 
matter more simple he began his investigations with the 
mercury arc which is longer than the carbon. Four distinct 
parts are distinguished, viz: (1) The brilliant brush issu- 
ing from the white hot depression in the cathode, (2) the 


dark space, (3) the positive light column and (4) the anode ~ 


layer. The arc light involves the evaporation of the cathode 
or negative carbon as has been stated, but this is not neces- 
sarily involved by the glow discharge. Nor is it essential 
that the anode should emit vapor, as is the case in the car- 
bon arc. 

In all gaseous discharges, electrons, positive atomic ions, 
and molar ions have to be distinguished. 

Negative electrons play a very important part in a Bun- 
sen flame. They are even more predominant in the higher 
temperature of the electric arc, as is shown by the suscep- 
tibility of the arc to magnetic deflection and the readiness 
with which it follows every variation in the current. This 

is owing to the great nobility of the electrodes. The impact 

of the electrons produces positive and negative ions from 
neutral molecules at the anode and in the positive light. In 
the glow discharge the phenomena are reversed, whereas in 
the arc the negative electrons are produced from the cathode 
by electrification, and not from the gas by ionization. The 
presence of ultra-violet light, but most of all the high tem- 
perature of the cathode, favors the ejection of electrons from 
the interior of the cathode. : 

The anode on the other hand must be hot, otherwise it 
could not supply the positive ions which keep the cathode 
hot. If a third electrode were put in the arc acting as 
one of the anodes, then the discharge may be regarded as 
having two anodes. As one is sufficient to keep the cathode 
hot, the arc can pass to the other anode even although it is 
cold. A small portable lamp, with iron electrodes for thera- 


‘Am. der Physik No. 12; London Elect., Dec. 4, 1903; Electrical 
World and Engineer, January 2, 1904. 
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peutic work, is constructed on this principle, and is known 
as the Reiniger, Gebbert and Schall lamp. , 

The negative corpuscles, therefore, play an important 
part in the activity of the arc, acting (1) by carrying the are 
discharge, (2) bombarding the anode to incandescence, ( 3) 
ionizing directly by collision, or indirectly by heating - 
anode, the gas or the vapor of the metal, of which the ano : 
is formed, producing in this way (4) the positive ions, whic 

the cathode hot. 
ee aes project more electrons at high tempera- 
tures, and hence the arc, which requires a liberal supply of 
electrons is more easily formed of the oxide than of UNG pure 
the negative electrons, given off at different rates, ce 
dently for different metals, influence the potential difter- 
: - 

os the constants m and m in Frohlich’s formula, as 
measured by Frohlich himself and Edlund, Lang,’ Gross, and 
Shepard, Nebel, Arons,® Luggin for carbon electrodes in air 
at atmospheric pressure, m is about 39 volts, varying some- 
what, however, with the size and purity of the carbons. It 
is diminished by soaking these in salt solution. are value 
of 1, as given by different experimenters, varies See 
ably. This may and probably is due to their having use 

currents of different: intensities, as Mrs. Aryton has shown 
that depends upon the current, for as the current increases, 
n or the potential difference diminishes. When metallic, 
instead of carbon terminals are used the value of n 
or the potential difference depends upon the metal. As : 
rule this is greater the higher the temperature at which 
the metal volatilizes. The following table gives the value 
of the potential difference in volts for different sub- 


stances :* 


1Thomson, J: J. Conduction of Electricity through Gases. 
"Lang: Wied. Am. XXXI1., p. 384, 1887. 
- §Arons:- Wied. Am., p. B, 1896. ™ 


“Thomson. 
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© 25, P= 27 4, he aoe Ni — 20:18) 
Cu = 23.86, Ag = 15:23, Zu = 10.86, Cd = 10.28. 


[echer®. cives “Pt 28, he.— 20, Ag=8. Arons found 
that but 12.8 volts were required for Ag, but in this case 
the fall of potential along the arc itself was very small. 


With some of these metals used as terminals the arc is inter- 


mittent. Iron, platinum and mercury have been shown to 
give an intermittent arc, while no intermittence has been de- 
tected with carbon, silver and copper terminals. 

These potential differences with arcs of different metals 
are mean values, and if the arc is intermittent they may dif- 
fer greatly from the actual potentials during the passage of 
the arc. When the different metals are used for the two 
terminals, the potential difference may depend upon the direc- 


tion of the currents. This is especially true when one of the . 


terminals is carbon and the other metal, carbon and iron for 
example, or an iron-cored carbon. The arc passes much 
more readily when the carbon is the negative terminal, and 
the metal the positive one than it does in the opposite direc- 
tion. So true is this that if such a pair of terminals were 
connected up with an alternating potential difference, the 
arc may only pass in the direction in which the carbon is the 
negative terminal, the potential difference being insufficient 
to drive it the opposite way. Some metals again are noh- 
arcing metals; that is, they have a tendency to go out, such 
as brass, bismuth and cadmium. A great deal depends upon 
the size and shape of the electrodes, as well as the material 
of which they are made. Conditions which promote a rapid 
flow of heat from the extremities are favorable to the extinc- 
tion of the arc. 

The potential difference depends also upon the pressure 
of the gas through which the arc passes. Duncan, Rowland 
and Todd have shown that for short arcs the potential dif- 
ference increases continuously with the pressure, while for 
longer arcs there is a critical pressure at which the potential 


“Léecher: Wied. Am. XXXIII., p. 600, 1888. 
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difference is a minimum; this critical pressure increases 
with the length of the arc. The arc is affected by the nature 
of the gas; in hydrogen, for example, it is difficult to get a 
good arc, and this is supposed to be due in part to the more 
rapid convection of the heat from the terminals. 

The potential difference required to produce an arc by 
the use of different metals, both in air and pure nitrogen, has 
been measured by Arons.t In the case of silver, while giv- 
ing a good arc in air, none could be obtained in pure nitro- 
gen. This Arons attributed to the absence of any chemical 


combination between the silver and the nitrogen. With the 


other metals used, zinc, cadmium, copper, iron, platinum, 
aluminum, lead, and magnesium, he obtained evidence of the 
formation of nitrites. Copper excepted, the potential dif- 
ferences in nitrogen are smaller than in air, the difference 
being very noticeable in the cases of iron and aluminum. 
In both these instances more active ionization of the air, due 
to their temperature of volatilization, rates of oscillation and 
electrons given off, the noticeable difference of potential be- 
tween these two in air and nitrogen (smaller in nitrogen 
than in air) is to be accounted for. This is not yet clearly 
established. 

Arons was only able to obtain arcs in hydrogen by using 
large currents and having the gas at low pressure. Cad- 
mium, zinc and magnesium gave the best arcs in hydrogen. 

As the metal or the carbon terminal of an arc volatilizes, 
the arc goes through a mixture of the vapor of the metal 
and the air, or in the experiments referred to, nitrogen or 
hydrogen, in which the terminals are immersed. ‘This ren- 
ders it difficult to interpret the effect of changes of pressure 
in the gas around the terminals, as the pressure of the vapor 
of the volatilizing metal is not knewn. 

It has long been known that air in the vicinity of red 
hot metals is a conductor of electricity, nearly two centuries 
in fact. 


*Arons. Drudes’ Annalen, I., p. 700, 1900. Quoted from Thom- 
son’s Conduction of Electricity through Gases. 
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| In 1853 Becquerelt showed that 2ir at a white heat per- 
mitted the passage of electricity even when the potential 
difference was only a few volts. This result was confirmed 
by Blondlot? whose observations went still further, for he 
proved that air at a bright red heat was unable to isalate 
under a difference of potential as low as 1/1000 of a volt 
and that conduction through the hot gas was not in accord- 
ance with Ohm’s law. | 

Attention was first called by Guthrie*® to a very charac- 
teristic feature of ionization by incandescent metals, viz., the 
want of symmetry between the effects of positive a neon 
tive electrification. He showed that a red hot iron ballin 
air could retain a charge of negative, but not of positive 
electrification, while a white hot ball could not retain a 
charge of either positive or negative electrification. 

The Electric Arc a Disinfectant—An electric arc in 
operation serves as a powerful disinfectant. 

The action of the energy of the electric arc spectra upon 
bacteria has been very fully considered, but it would seem 
that there is-an effect produced more, immediately than 
would follow upon the destructive action of the short and 
high frequencies so active chemically upon bacterial growths. 

Experiments were made many years since with the 
Jablochkoft candles in the Paris sewers for the purpose of 
purifying them. The results were very satisfactory. 

In 1881 Mr. Harold P. Brown, E. E.,4 of New York 
while using Brush are lamps for lighting the basement of ; 
store in Chicago, noted that within an hour after turning 
on the current, the odor from the toilets which was at first 
very offensive became entirely neutralized. 

On an excessively hot day the author made the follow- 
ing observation; the refuse barrels which had accumulated 
ee Annales de Chime et de Physique, III., 30, p. 355, 

“Blondlot: Comptes Rendus, XCII., p. 870, 1881; CIV., p. 283, 


1887 


3G thri ; 1 o 
Wieoeee Phil. Mag. IV., 446, p. 257, 1873. Quoted by J. J., 


4 . . 
Personal communication. 
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in the basement of the apartment house occupied as an office 
over Sunday, prior to their removal Monday morning emitted 
a very unpleasant odor, which ascended and permeated the 
office rooms occupied by the electric-arc cabinet as well as 
rooms to the rear of it. The current operating the electric 
arc was turned on and in half an hour the author returned to 
the room, to find that every evidence of odor had disappeared 
and that the air was perfectly pure, so far as odor was con- 
cerned, while in the rooms more remote from the arc, the 
odor persisted as before. The action was at that time 
attributed to the ozone generated and unquestionably it is a 
factor. There is the nitrous oxide to be reckoned with as 
well, but the effect in all probability is due to an ionization 
of the air. Since then, if for any reason there has been the 
slightest odor in the offices the current has been turned on 


the arc lamp and always with the same result. 


The Mercury Vapor Lamp. 


The temperature inside of the lamp, which depends upon 
the current, diameter and density of the vapor, is not ordi- 
narily very high—a few hundred degrees Centigrade at the 
most. 

The most striking feature of the lamp upon casual exami- 
nation, is the color of the light which it emits. This, to 
be appreciated, must be seen as it is difficult of description. 
It is spoken of as having a yellowish-bluish green color, the 
nearest approach to naming the color. It suggests to the 
author an opalescent coloring. Spectroscopic examination 
shows the presence of two somewhat faint orange lines, two 
very bright green lines, two bright blue lines, and two faint 
violet lines. There are no red lines present and therefore it 
is impossible for the lamp to give off white light, as red is a 
necessary constituent of white light. From the orange, 
green, blue and violet present, results the characteristic col- 
oring. Objects which ordinarily reflect red light, like the 
human being, for example, suffer a very remarkable and 
gruesome color distortion. The appearance is ghastly in the 
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extreme, but is overcome by the use of a specially prepared 


red or pinkish gauze which is thrown over the lamp as a 


scarf or drapery. This supplies the red frequencies and by 
reason of its preparatory chemical treatment functions as a 
radiant frequency transformer. A tube of red glass would 


permit no light to emerge whatever, for red glass transmits. 


red light only and. there is no red light to transmit. The 
light is extremely rich in ultra-violet waves, richer even than 
the arc light, but by reason of the glass of the vacuum tube 
there is no possibility of their emergence. It is very rich, 
however, in the visible chemical frequencies, and for this 
reason and also because of its diffusion, it is very valuable in 
photographic work. Its efficiency is estimated at from two 
to three times that of the arc light and from six to eight 
times that of the incandescent light. It consumes less cur- 
rent than the incandescent light. 

It is impractical for applications where compression is 
desired to render a part anemic. These lamps could be sus- 
pended around the walls of a large enclosing cabinet or room 
for general uses, but the author is not prepared to state that 
it would be well to use them in preference to the other 
sources of light if at all. They lack the radiance that renders 
sunlight, the electric arc, incandescent light even, so accepta- 


ble to the anzemic, neurasthenic or tubercular patient as well 


as of such therapeutic value. Rich as they are in ultra- 


_ violet light, it is of no value for less than 30 microcentime- 


tres because of the glass enclosing tube. Objections have 
been raised because of the mercury vapor but the author fails 
to see how with this enclosed in a vacuum tube of glass it 
can possibly have any effect. Were it a quartz enclosing 
tube the ultra-violet would be powerfully in evidence and 
the result from exposure to so powerful a source of concen- 
trated ultra-violet energy might be productive of untoward 
results. The author has had one of these lamps placed at 
her disposal during the past year but from observations thus 


far made, would not select it as a source of radiant light 


energy for therapeutic work. It can only be stated here as 
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an impression received from observations, not supported as 
yet by experimental data, that the absence of the red and the 


diminution in the orange and yellow, in other words, of those 
factors which give the sensation of radiance, is one LOK 


which its powerful chemical action cannot compensate. 

There is in relation to physiological action and therapeu- 
tic uses of light a need for these long and slow peleaae 
although in the present state of the biological action of lig! t 
it is not known just what their mode of action 1s. a 
they undoubtedly have. It only remains to be elucidated. 
Were the enclosing tube of such size and shape as to see 
it suitable for topical applications, the richness of the light 

could be availed of. 
Eo. cievite data and the description of the test to 
determine its candle-power were furnished by Professor 
Sheldon of the Brooklyn Polytechnic Institute, in commceoe 
with the author’s committee work on “Radiant Energy” for 
the American Electro-Therapeutic Association. 

Data Concerning the Cooper-Hewitt Mercury Vapor 
Lamps.—An effort was made to determine the ape 
of this lamp by making use of an observer who was afflicte 

with color-blindness. His visual characteristics are shown 
by the following facts: He called a bright red glass a8 
and was very positive concerning it. He called a green glass 
brown or red and was not very certain. Blue he termed 
blue, amber was called a light red. A bright red was again 
called brown and he matched a bright red against a muddy 

s being alike. : | 

Be creat lines of the mercury spectrum appeared to 
him as-follows: The two orange lines as dark yellow, 
faint green he could not see, the purple of long wave ee 
he considered not as light as Columbia blue, but as blue, an 
the violet of shorter wave length he termed as the same 
color which could be purchased at a florist’s. It will thus 
be seen that he is what may be termed red and green color 


blind. When used as a photo-metric observer in balancing - 


two incandescent lamps against each other, both burning 
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at the same temperature, making use of a Lummer Brodhun 

| screen he made settings which were practically identical with 
a those of ordinary observers. 

When balancing the light from an aperture 10 x 2 

centimetres placed in front of the vapor lamp against the 


| standard 16 candle-power lamp he was unable to obtain 


a definite point of balance because of the different color 
qualities, but at a place where the corn yellow exhibits to the 


ordinary observer about the same depth as the sky blue, 


these colors changed suddenly to the eyes, the yellow 


appearing yellow, but the blue assuming a color he had never 


‘ae seen before. 


By holding the green glass in front of his eyes he made * 


very precise balance setting, which yielded the following 
results: Through the 20-centimetre-square opening passed 
luminous flux such as would come from 63.5 candle-power 
1 |. sources of 3.18 candle-power per square centimetre. The 
| lamp was taking 3 ampéres at 73 volts, exclusive of the start- 
ing rheostat. | 3 

I | Assuming a uniform distribution of light emanations, the 
tube which is 114 centimetres long, and of approximately 2.4 
centimetres internal diameter, will give 870 candle-power. 

ia It has been suggested that its value in medicine will be as 
| a diagnostic agent chiefly. 

| As there are no red frequencies any red spot on the 
_ body of a person subjected to its action or any red object 
| 

| 





observed becomes a deep purple. 

Therefore any mild inflammation or rash, either faint or 
more distinct, will become under its influence a distinct pur- 
ple in appearance and an eruptive disease may be detected 
earlier and more clearly than would otherwise be possible. 

The accompanying illustrations show the energy curve 
of different sources of light. The author is indebted to the 
courtesy of Professor Langley of the Smithsonian Institute 
for their use. (See Pigs. 2-and-3,) 

The second plate is introduced as showing the amount 


of energy wasted in sunlight, when considered as a luminous 









Four Curves of Equal Areas, showing one unit of heat displayed 
successively in heat spectrum of Gas, Electric Arc, Sun and 
Fire-Fly. 

ABSCISSAE. — WAVE LENGTHS. 
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Gas Flame Spectrum. 


MAXIMUM AT 1/6. 
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Electric Arc Spectrum. 
MAXIMUM AT 116. 
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Solar Spectrum. 
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Fire-Fly Spectrum, 
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agent only, illustrating at the same time the luminous eff- 
ciency of the firefly spectrum. But as these pages endeavor 
to show, the sun shines not simply for the purpose of illumi- 
nating the darkness, but that life from the elementary forms 
to the higher organisms may exist. . 
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The Action of Light Energy upon Elementary Forms of Life. 


The irritability of a mass of protoplasm of a protozoan of 
the simplest kind is established in a certain manner under 
the influence of light energy. This has been extensively 
studied. 

Action of Luminous Rays upon a Plastide—If a beam 
of parallel luminous rays of feeble intensity fall upon a 
plastide in water, the reactions between the plastide and the 
surrounding medium are favored by the energy delivered 
in this way. This was studied by Dantic.1 Chemical re- 
actions are established which are much more active on the 
surface upon which the light falls than on the opposite face, 


but feebly illuminated by the light filtered through the mass 


of protoplasm. The plastide is divided into two parts, so 
to speak, which are respectively the seat of excitations of 
different intensity. The result of this difference is shown 
by a direct action whose beginning and direction can be cal- 
culated by mathematical analysis, for a body of determined 
form. | 

Phototaxy Positive and Negative.—This theoretical fact 
is verified by a quantity of experimentation done by Strass- 
burger, Verworn, Engelmann, etc., bearing upon plastides, 
diatoms, spores of algze, bacteria. 


"F. Le Dantic: Materie Virante, Paris. Mosson quoted by 
Leredde and Pautrier. 






The movements vary in direction and the minute mass of 
protoplasm can be drawn out or retracted under the influence 


of a beam of light. In the first instance it is positively 


phototaxic, and in the second negatively phototaxic. On the 
other hand, there are certain plastides that are not influenced 
by light, that is, they are not phototaxic. This latter condi- 
tion may, however, be dependent upon the degree of hght 
intensity to which it is subjected. If the intensity is too 
feeble it may appear to be non-phototaxic when such is really 
not the case. 7 

Leredde and Pautrier pertinently remarked that the in- 
tensity should always be given ‘when positive or negative 
phototaxic conditions are considered. For example, an 
amoeba which will stretch out or contract its protoplasm 
under the influence of feeble light intensity will contract 
itself sharply if the intensity 1s: increased. : 

In the absence of all phototaxic phenomena it is difficult 
to establish whether or not the protoplasm under considera- 
tion did not react because the light was too feeble. How- 
ever, all protoplasm can be considered as phototaxic, either 
positively or negatively. 

If an infusion containing various plastides be exposed to 
diffused light, certain among them will be seen to gather 
themselves into the brightest part, while others will remain 
in the shade. | ts 

It is in this way that Engelmann takes in a trap bacteria 
in a bright spot from a liquid kept in the dark. From a 
close study of this phenomenon it will be seen that it is not 
only the passage of light in obscurity which exercises an 
excito motor action upon protoplasm, but also difference ot 
light intensity. Purple bacteria are particularly sensitive 
to this mode of action. If the intensity of the light illumi- 
nating the preparation be diminished, when examining them, 
the rotation of their bodies is reversed and they extend 
abruptly to a distance equal to ten or twelve times their 
length. Any spot thus illumined in a tube or receptacle con- 
taining the bacteria, becomes a veritable trap for them, They 
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readily enter the brightest spot which attracts them, but it 
is impossible for them to leave it, for in passing into the 


dark peripheric zone, they are sharply thrown back into the 


bright zone, just as iron filings are brought into relation 
with a magnet, for example. 

In his experiments Engelmann illuminated the centre of 
the drop of water, upon which he was operating, then fixed 
and colored the mass of bacteria which had quickly as- 
sembled there. He obtained in this way what he calls a 


‘bacteriogramme. In this way he preserved the image of the | 


space in which the bacteria were caught in a trap. 

The excito motor action of light is very clearly shown 
on purple bacteria. They are one of the best examples, and 
are sensitive to the luminous excitant alone. Upon illumt- 
nation they take on a state of continual motion or, as termed 
by Leredde and Pautrier, a period of photokinetic induction 

. When the light is removed they return to a state of complete 
repose. : 

Among the miscellaneous alge positive phototaxy 's 
equally frequent. : | 


In his study of the movements of diatoms Engelmann’ 
shows the cessation of movement when he placed them in the » 


dark sheltered from oxygen and recovery of the same with 
light. : 7 
- This phenomenon is complex, for it 1s not alone the pres- 
ence of light, but it is also due to the consumption of oxygen, 
which théy are unable to appropriate in darkness. In the light 
on the other hand the decomposition of the ambient CO, by 
their coloring matter furnished them at the same time with 
the assimilable C, the oxygen necessary to their movements. 
It was observed in the closteria, a unicellular alga, oi 
the group of desmidia, fringed at both extremities that 
when placed in a crystal receptacle upon which the beam of 


*Pfliiger’s Arch. Vol. XXIX., 1879. Ueber Reizung contractilen 
protoplasmas durch plotzliche Beleuchtung und Engelmann. Ueber 


Licht und Farbenperception miederster organismen.  Pfluger's ° 


Arch. Vol: XXIX, 
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light is directed, the alga is seen to lean itself upon the bot- 
tom of the receptacle by one of its extremities, and then place 
itself in such a position that its axis coincides with the direc- 
tion of the incident ght. 

It the incidence of the rays of light be suddenly varied 
the alga pivots itself anew upon its extremity, which sustains 
it and goes again to place itself in the axis of the luminous 
ray. 

At the end of a certain lapse oi time, from 6 to 8 
minutes, the alga executes a veritable “pirouette, and the 
extremity which served as the point d’appui becomes free and 
directs itself toward the source of light. This shows that 
there is then a true phenomenon of polarity and of alternate 
polarity. Pleurotenitum and the Micraserias Rota also ex- 
hibit the phenomenon of constant or alternating polarity. 

The zodsphores of the algze are equally phototaxic. They 
are drawn toward the luminous source by placing themselves 
wn the direction of the incident ray, but turning always to- 


ward the latter, their. non-ciliated extremity.” 


With pluricellular alge, the protoplasm in the interior 
of the cells exhibits a true phototaxy, as in the case of the 
vaucheria, where the grains of protoplasm charged with 
chlorophyll dispose themselves in two bands perpendicularly 
to the direction of the incident ray, or in the case of the 
mesocarpus in which each cell is terraced following its axis 
by a protoplasmic plate charged with chlorophyll which, 
under the influence of the light energy, turns itself so as to 
be perpendicular to the radiation.* 

Myxomycetes, referred to under the action of light upon 
vegetable organisms, are either positively or negatively 
phototaxic according to the degree of light energy.. A light 
of feeble energy excites the stretching of their protoplasm 


@ 
1Strasburger: Wirkung des Lichtes und der Warme auf 
Schwarmsporen. Jena, 1878. Also, Stahl: Ueber den Einfluss des 
Lichtes auf die Bewegungs erscheinungen der Schwarmsporen, 
Verhand. der physic. medic. Gesellschaft, in Wirzburg, t. XI, 1878. 
2Stahl: Botanische Zeitung, p. 297, 1880, quoted by Leredde and 
Pautrier. 
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and extends them; one of medium energy leaves them in- 
different ; but a light of intense energy causes en to run 
ae sharply with formation of granules in their 
The Pelomyxa palustris is an example of negative photo- 
taxy. This curious observation was made by ene A 
The pelomyxa 1s a rhizopod and is analogous to the amceb 
which is found in the shade at the bottom of ponds oe 
cealed in the slime. Its protoplasmic body is rough haa . 
and bare. It advances by putting forth flat oa de: 
Abandoned to itself, it progresses by movements of a an 
tion, taxing an elongated form and following a ee 
tion, but always the same. Upon exposure to lent it eee 
ina tew seconds after the granule streaming has oe and 
takes the form of a ball. If a weak light 1s maintained slow 
movements are again to be seen. When the darkness ae 


sipated by the gradual coming on of daylight there is no 


rfl 
oe eee ae myxomycetes comport themselves in 
Flowers of tan flee from a bright light, which causes them 
to retract. 7 Strasburger® picturesquely demonstrated the 
action of light on the plasmodia of cethalium: under th 
influence of a feeble light, he was able to call it to the a 
face of a tan ditch, and upon suddenly increasing the bril- 
liancy of the light it was made to rebury itself in the ditch 
In the light they develop short, compressed projections ith 
dark, long, thin, narrow processes. 
Hoimeister,’ in his studies upon the role of light in the 
relation to myxomycetes, observed that the CEthalium sep- 
an fled from the light, and always 1n the direction ot he 
i . pe is illustrative of the negative heliotropism 


@Uhe Pholada dactyle, a marine mollusk observed by 


‘Engelmann: Ueber Reizu y 

_ Eng : ng Contractilen Pr 

plotzliche Beleuchtung Pfltiger’s rch Vol XIX. ee, 
2 : 
Quoted by Leredde and Pautrier. 
er ONCiter Die Lehre von der Pflanzenzelle. 
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Raphael Dubois, has been found to give evidences of photo- 
tactism in that part of the animal’s body which is the seat 
of the dermatoptique vision. These phenomena seem to 1n- 
dicate that light in these instances acts in the same way as — 
do artificial irritants. 7 | 
Transformation of Form under the Influence of Light 
Energy.—The action of light energy upon these elementary 
forms of life is not confined, however, to excito” motor 
phenomena, abundant as these are, as is evidenced by the 
contraction and extensions of protoplasm. The arrange- 
ment of the protoplasm of amceboid cells, amoebe, rhizopods, 
infusoria is markedly changed by exposure for any length of 
time to light or darkness as well. The action is then upon 
the form, producing modifications which are alike durable 
and definite. By its action the properties of protoplasm also 
may be completely modified and caused to assume new forms. 
These phenomena have been fully investigated by Brefeld* 
upon the Mucedines, also by Elving? and Laurent.* 
Brefeld’s work was carried out upon the Coprines, and he 
concluded that for the Basideo-Mycetes the development in 
light and darkness is very different. In darkness the devel- 
opment is bad, the head shortens, the foot is enormously 
elongated also. ‘ . 
The organs of fructification appear only in the light, in 
the darkness the mycelia are sterile. | 
Laurent’s studies were upon two of the Hyphomycetes, 
the Dematium pullulans and the Cladosporium herbarum. 
He was able to derive the first from the second by sowing 
some spores of Cladosporium into must (motit) of beer and 
exposing them to the action of solar light energy. After 
some days of insulation these spores, transported into a new 
must of beer, developed growing forms ot Dematium. They 
not only changed form but properties as well: the Clado- 


*Brefeld: Botanische Untersuchungen tiber Schimmelpilze. 
-Elving: Studien iber den Einwirkung des Lichtes auf die 


Pilse. Helsingfors, 1890. 7 
8Eaurent: Annales de l'Institut Pasteur, 1888. 
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sporium being exceedingly aérobic, while the Dematium can 
live in anaérobia. 


By the sowing of some spores of Aspergillus glaucus in 


must of beer exposed to the action of solar energy, Elving 
obtained three kinds of yeast forms. These returned to 
darkness gave in their turn some new yeast forms, which 
were not developed after the type of Aspergillus, but after 


the type of Penicillium. This latter type was definitely fixed — 


and was uniformly produced in subsequent generations. 

Passage of Aérobic Life to Anaérobic Life under the 
Influence of Light Energy.—This phenomenon is observed in 
the purple bacteria as well as the motor phenomena described 
under the action of light. It will be recalled, movements are 
established upon their passage from darkness to light and 
upon their return to darkness, complete immobility. There 
is also a true modification of vital conditions, i.e., a passing 
alternately from the anaérobic state to the aérobic state and 
inversely.* 3 

The Bacterium-Photo-metricum, studied by Engelmann? 
is the type of the best known of the purple bacteria. This 
micro-organism is exceedingly sensitive to the stimulus of 
light energy. So long as it is exposed to the light it pro- 
pels itself swiftly about in the drop of water by the aid of 
the scourge-like thread which is found at the end of the 
bacterial body. Upon its return to darkness the movement 
of the thread gradually ceases and the bacterium remains 
motionless, to be stimulated again, however, to fresh move- 
ment under a renewal of the light energy. 

It was observed upon examination in the drop, covered 
with a cover glass under the influence of a very feeble light, | 
to approach the borders of the plate; while in a stronger 
light it remains collected in the centre of the preparation. 
In this latter instance it is very far from the oxygen. 
In the first instance the condition is the same in the diffuse 


*Leredde and Panties 


*Archiv. f. d. ges. Physiologie, XIX., D. ieand Handbuch deta: 


Ebysiolosie Vol ep.370: 
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light as in the dark and there is need of a source of oxygen 
in order that it may live, hence it seeks the edge of the 
plate; in the second on the other hand, when exposed to the 
bright light, by means of its coloring matter, which is sup- 
posedly similar to chlorophyll, it is enabled to find the nec- 
essary oxygen in the decomposition of the ambient carbonic 
anhydride. , 
Action of the Different Frequencies of Light Energy 
Upon Elementary Life—Thus far the action of the total 
light energy has been studied but certain investigations have 
been made, showing that there is a difference in effect from 
the different frequencies of the spectrum. This is illustrated 
by the following interesting experiments of Verworn.* 
Verworn examined with a microscope a ciliated in- 
fusorium, the Pleuronema chrysalis, which ordinarily is in a 
state of repose, that is immobile in water without ciliary 
movement. When under examination, if the diaphragm of 
the microscope be raised, the infusorium exposed to the 
action of light appears to leap impetuously, after a period 
of one to two seconds or latent period of excitation. 
Verworn analyzed the influence of the different frequen- 


cies by interposing between the source of light and the plate — 


of the microscope colored liquids, the transparency of which 
to the various frequencies had been determined by spectrum 
analysis. : 

He found that the maximum effect upon the leaping 
movements was obtained by the action of the blue and violet 
frequencies. To obtain the same effect where the thermal 
energy was utilized, it was necessary to have recourse to in- 
tense solar light, concentrating the energy by means of a 
concave mirror. Freund states that the same effect can be 
produced with intense heat rays. 

The Action of Light upon the. Ciliated Corpuscle.— 
Bergel has carefully studied the effects of light and dark- 
ness upon the movement of the ciliated corpuscle in the fol- 


1Allgemeine Physiologie, Jena, 1895. 
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lowing manner: The microscope was placed upon an obser- 


vation table within a dark cabinet. This cabinet was per- - 
fectly closed save for two openings. The one when illumi-~ 


nated was for the observer but when it was desired to shut 
off the light it was carefully darkened by curtains. Opposite 
the microscope was another opening which could at will 
either be closed or exposed to direct sunlight. Then by plac- 
ing a ciliated corpuscle in motion under the microscope and 
darkening the window permitting the light to fall upon it, 
the motion of the corpuscle could be seen on inspection to 
grow slower and slower until it finally ceased. The more 
rapid and energetic the vibrational activity of the corpuscle 
before the window was darkened, the longer the period of 


activity of the corpuscle in the darkness, until it finally be- 


came motionless and wice versa; the slower and weaker the 
vibration of the cilia the shorter the time up to the cessation 
of all motion. But on the contrary, when a corpuscle which 
had kept in the dark and showed no motion whatever, was 
exposed to the bright daylight again the oscillation recom- 
menced after a latent period, depending upon the duration 
of the exposure to darkness. The longer the corpuscle 
remained in the dark after it had become motionless the 
longer it continued in a quiescent state before resuming its 
oscillations. When the corpuscle was kept too long in the 
dark it showed every evidence of fatigue. This fatigue was 
also noticed when the experiment was repeated several times. 

These experiments indicate not only a direct action on the 
ciliated epithelium of the respiratory tract and the necessity 
for light energy in respiratory pathologies, but illustrate as 
well the physical effect of the oscillating swing of light 
vibrations on atomic motion. At least this is the See 
interpretation of these very interesting experiments, nor do 
the phenomena produced admit of any other in the light of 
physical laws. 

It is stated by Freund that, according to Uskoff, the 


ciliary movement of the epithelium of the cesophagus is 


7 equally swift in red and in violet light, but that it is sus- 
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pended if red light is substituted for previously acting violet 
light. Even among the ciliary infusoria, isolated specimens 
are found whose movements are stimulated by light. 

Strassburger and Miguel have demonstrated that the 
phototaxic sensibility of the algee, of their zoospores, of the 
protoplasm of the Vaucheria or of the Mesocarpus is not 
brought into action by all the frequencies of the spectrum. 
The active frequencies are the blue, indigo and violet. The 
red and infra-red have absolutely no action. 

The phototactic movements of the plasmodia of Myxomy- 
cetes are also under the influence of the most refrangible 
frequencies and are unaffected by the other frequencies of 
the spectrum. The bacterium Photo-metricum of the purple 
bacteria group is an exception. Engelmann’ found upon 
examination of a drop of liquid containing a great quantity 
of these bacteria upon which a solar spectrum was pro} ected 
that they accumulated with a particular predilection at cer- 
tain points corresponding precisely with the absorption 
bands of the bacterio-purpurine, that is in the infra-red and 
in the orange and yellow. These therefore were the frequen- 
cies necessary to excite movement in the bacillus photo-— 
metricum. 

Thus far it has been shown that the movements of these 
bacteria are possible only if the oxygen necessary to them iS, 
furnished by the decomposition of the ambient CO, through 
the intermediary of the coloring matter which impregnates 
them. i 

It will be seen as with plants that the frequencies most 
useful to them are those which correspond to the absorption 
bands of chlorophyll. The conclusion is therefore permitted 
that the bacterio-purpurpine plays for the purple bacteria a 
role analogous to that played by chlorophyll for plants and 
the predilection of these bacteria for the red frequencies are 
explained by a functional adaptation. 


‘Bacterium Photometricum. Ein Beitrag zur vergleichenden. 
Physiologie des Licht und Farbensinns, Pfliiger’s Archiv., Vol. 


XXX. 
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Leredde and Pautrier in reaching this conclusion, regret 


that the studies and experiments of Laurent and Elving 


upon the change of form and of function under the influence 
of light were made only under the influence of the total light 
energy and that they did not see fit to analyze the action 
under the influence of the different frequencies. 

Summary.—From a careful review of these very interest- 
ing observations of Engelmann, Laurent, Strasburger, 
Uskoff, Brefeld, etc., it is clearly evidenced that it is the 
blue, indigo and violet frequencies which are the effective 
ones. 

By the action of light, and especially of the more refran- 


gible frequencies, a series of phenomena are produced at the. 


level of the protoplasms: 


(1) An excito-motor action, i.e., the extension of the 


various movements of protoplasm. 

(2) An influence on the growth and reproduction of the 
mycelium of the alge. | : 

(3) An extension of forms in one species lasting modifi- 
cations faithfully reproduced by successive generations. 

(4) The concurrent establishment of a complete over- 
turning of the conditions of existence to the point of per- 
‘mitting an exclusively aérobic organism to become anaerobic. 

In a study of the general physiology of the elementary 
forms of life, concludes Leredde and Pautrier,? the influ- 
ence of light assumes an important place. The excito motor 
phenomena are the best known and studied. To produce 
them the action of the indigo, violet and ultra-violet fre- 
quencies are required. 


*Photobiologie and Photothérapy, Leredde and Pautrier. 
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The Action of Light Energy upon Vegetable Organisms. 


The necessity of plant life for light is greater than that of © 
any other living organism. This is axiomatic. Without 
light energy plants become colorless, of imperfect structure 
and growth. In the absence of light it is impossible for 
them to take from the air the carbonic acid, absolutely indis- 
pensable to their existence. Nor can they by means of the 
chlorophyll assimilate it to their needs, setting free oxygen 
in the process, and retaining the carbon in new combinations, 
such as sugar, gum, starch, cellulose and albumen. 

A study of the action of light upon vegetable organisms 
is much less complicated than that upon animal organisms, 
by reason of the absence of the nervous system in the former. 

It is assumed by most physiologists that there is a direct 
chemical effect from light energy on the chlorophyll. This 
effect is dependent not only upon the intensity but upon the 
quality of light. All the frequencies of the spectrum have 
been shown to possess the property of producing chemical 
effects, although it is the higher and more refrangible rays as 
indigo, violet and ultra-violet which are regarded as es- 


pecially active. The chlorophyll function, that is the de- 


composition of carbonic acid, however, depends upon the 
longer and less refrangible frequencies of the spectrum, the 
red and yellow. 
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It is clearly established by the experiments of Siemens, 
Dehérain and Bailey that the intense chemical energy of the 
ultra-violet frequencies is badly borne by plant life. For 


each class of plants a certain intensity of light energy is: 


necessary for the most perfect performance of its assimilative 
processes ; others again require but little light energy. The 
latter are those plants which are found ir. shady nooks, water 
courses, in dim forest aisles and in the depths of the ocean, 
ferns, mosses and marine alge, for example. Of the sun- 
loving plants, the sunflower is a notable example, turning 
his face always sunward. 


Life of Plants in the Dark.—It has been proven by the ~ 
experiments of Boussingault! that a plant destined to be 


green when kept in the dark consumes its reserves and loses 
weight; the life of a plant, coming out of the sea and kept 
in the dark, depends upon the amount, i.e., weight of nutri- 
tive matter contained in the sea. : 

Necessity of Light for the Development of Chlorophyll. 
—It has been established by Timiriazeff? that the character- 
istic pallor of plants kept in obscurity is due to the presence 
of protophylline or reduced chlorophyll. When they are 
transported to the light, they become green through the 
absorption of the light energy by the protophylline. 

There is another pigment existing in leaves, alongside of 


the chlorophyll, red in color, the erytrophyll of Bourgarel 


or carotine of Arnaud,® whose role is very little known. The 
most vigorous leaves, which means those of the deepest 
green, furnish the largest proportion of carotine; it is ob- 
served that it tends to disappear as does the chlorophyll 
when kept in darkness. : 3 
Exceptions to the Necessity for Light in the Develop- 
ment of Chlorophyll—-Chlorophyll appears in some plants 
budding in obscurity contrary to the general law. 
*Agronomie, V. 240. 
“Comptes Rendus, Acad. des. Sc. t. CII., p. 686, 1886. 
“Comptes Rendus, Acad. des Sc., C. 751; 1885; CII. 119, 1886; 
CIV. 1295, 1887; CIX. ogr, 1880. 
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Flahault! has shown that the bulbs of crocus vernus 
planted in the dark gives sprouts whose extremities are 
8 fi e 
tt has also been proved by Bouilhac’ that the Nostoc 
punctiforme, develops a pale green tint in total darkness, 
‘f it finds at its disposition a hydrate of carbon, such as | 
elucose. : : 
Grass when turned down continues to grow in the son 
and presents a feeble green tint. This was noted -by Kraus, 
but is a matter of common observation. 

A green alga has been found by a polar expedition at a 
depth of 2,000 metres in the Atlantic. Light penetrates into 


water but 200 metres, so that here is an organism taking on 


its green coloring.® | 

Flahault and Griffon? have by their experiments proved 
that the substance in the plants grown in darkness is really 
chlorophyll. Flahault examined an alcoholic solution spec- 
troscopically while Griffon caused some cotyledons of Pin- 
pignon to assimilate which had developed in darkness. Ex- 
ceptionally then it is seen that chlorophyll forms in the ab- 
sence of light a phenomenon at this time unexplainable. 3 

Chlorophyll Assimilation; the Role of Light Energy in 
this Function—The action of light in relation to chlorophyll 
assimilation has been thoroughly investigated independently . 
of the respiration of plants. Among the modern botanists 
whom have studied the subject especially are Bonnier and 
Mangin.® They have shown that the two phenomena, i.e. 
respiration and chlorophyll function are distinct in their 
mode of action. Respiration, that is the absorption of oxygen 
and the exhalation of carbonic dioxide, goes on equally in 
light and darkness. By aneesthetizing the plants under ob- 


1Ann. Soc. Nat. Botan. 6th Séries t. IX. p. 169. 

*Comptes Rendus, Acad.*d. Sc. May 3, 1808. | 

’Leredde and Pautrier. : : 

‘T’Assimilation Chlorophyllienne, Paris, noes ae oe 

ier | oin, L’Action Chlorophyllienne separee de 
Ree at en Nead: d. Sc... C3 p.1303; 1885 et Ann. 
Sc, Natur. 7th Série t. III., p. 5, 1886. 7 
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servation they have proved the independence of the two func- 
tions, and found that darkness does not influence respiration, 


but that absence of light suppresses the chlorophyll function. — 


Chlorophyll production and function are dependent upon 
the presence of light. But chlorophyll is not the only sub- 
stance capable of fixing carbon under the influence of light. 
De Candollet has showed that the red alge can disengage 


oxygen in the light; while Engelmann? thinks that the dif- | 


ferent coloring matters of the alge, phycocyanine, phy- 
coerythrine, and bacterio-purpurine of certain alge of the 
category of the bactériacées, are also instances of assimilation 
carried on and dependent upon the influence of light energy. 
At the base of all plant physiology is then this essential 
primordial phenomenon, or the assimilative phenomenon par 
excellence of the plant, which consists of the decomposition 
of CO, of the ambient medium and assimilation of carbon. 
This phenomenon is produced by the intermediary of a 
series of colored substances or chromophylls, of which 


chlorophyll is the most diffused. 


This assimilation of carbon is an essential exothermic re- 
action; for its production, it is necessary that an external 


energy should be operative, and this energy is furnished in 


light. It is the absorption of light by the chloroleucites, or 


by the other colored substances analogous to chlorophyll, 


upon which the chlorophyll function depends. 

Nature of Chlorophyll Assimilation —It is an established 
fact that under the influence of light energy a plant pro- 
vided only with water increases its weight of dry matter ; it 
fixes, in other words, its assimilative carbon. 

The author finds in this a counterpart of the action of 


light energy upon the blood. In the latter instance it 1s a. 


fixation or storing of oxygen, so necessary to animal life. 
This exothermic reaction of chlorophyll assimilation pro- 


duced by light is believed* to be produced in the plant or- 


‘Physiologie Vegétale, t. I., p.- 119. 
*Botanische Zeitung, 1883 
*Berthelot. 
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ganism simultaneously with the decomposition of CO,, from 
the compensatory reactions which furnish the necessary 
rey. 
2 t fe Effective Frequencies of Light Energy in Chloro- 
phyll Assimilation—The decomposition of carbonic acid by 
chlorophyll is dependent upon the less refrangible rays, red 
and yellow. Plants and parts of plants grown 11 the dark 
have no chlorophyll; the chlorophyll pigment being found in 
the light. From absence of light they become pale yellow 


in color, a condition known as etiolation. . 


The experiments of Siemens, Bailey and Dehérain, to be 
referred to later on, showed that the electric arc gave a light 
needed for chlorophyll; but for that matter all artificial 
sources of light may take the place of sunlight so far as 
chlorophyll is concerned, for they all give out the yellow 
frequencies. It has been proven that sprouting plants will 
grow dark green in a light barely sufficient for the reading 
of large print. This shows that the quantity of light need 
not be large. ; : 

By the utilization of various colored solutions, as filters, 
the different frequencies were cut off at will in the experi 
ments made to determine the part of the spectrum necessary 
to the production of chlorophyll. For this purpose Pele- 
tier’s bell jars were used. 7 : 

The chemical theory of the action of light energy on 
chlorophyll is the most widely accepted one. LOsit-1S Op 
posed that of Pringsheim.t_ The latter holds that the chloro- 
phyll pigment by the absorption of blue, violet and ultra-vio- 
let frequencies, without being decomposed itself, acts as a 
kind of light screen, lessening the degree of respiration, that 
is, the oxidation connected with the elimination of CO,,and 
increasing thereby proportionally the assimilative processes, 
especially as they pertain to the collection of carbon and the 

giving off of oxygen, within the plasma of the chlorophyll 
body. 


4Jahrb., XIL., 1879-1881, p. 288, Quoted by Goodale, Physio- 
logical Botany, Gray's Botanical Text-book. Vol. Il. 
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The subject of the frequencies of light energy most 
favorable to chlorophyll development has been extensively — 
investigated by Gardner, Draper, Daubeny and Guillemin. 


Guillemin used successively a spectrum obtained by 3 
different prisms, (1) an ordinary prism, (2) a quartz prism 
and (3) a rock-salt prism. In the first instance, all of the 
energy save the ultra-violet was allowed to pass, in the 


second the ultra-violet, while in the third the infra-red were 


permitted to pass. 
Later experiments by Timiriazeff places the maximum 


energy in the red region between the lines B and C. In. 
other words in that part of the spectrum absorbed by chloro-. 
phyll. Always wherever in nature it occurs,there is a con- 


stant proportion between the energy absorbed and the work 
done. | 

Theory of Complementary Colors.—Engelmann has ad- 
vanced the theory that it is always the frequencies comple- 
mentary to the color of the plant whose action is the most 
pronounced. This is not confirmed by other physicists, and 
is especially denied by Pringsheim. 

The Action of Chemical Frequencies.——For the chloro- 


phyll function the energy of the chemical part of the spec= . 
trum is necessary. Bonnier and Mangin have found that - 


this assimilation also takes place in the presence of ultra- 
violet energy. The amount of this assimilative energy has 
been measured by the CO, decomposed. 

Experiments made upon the leaves of Arachidium and 
of maize give the following results: 


LIGHT: ENERGY. 


Blue. Red. Green. 
ee GC (ae (ee 
PX PaCMiciuti es) 2 eee cheese: 0.054 0.041 0.027 
Whatze cere ed anni seme eee gia 2.440 1.602 0.823 


There is then.a correspondence between the amount of 
energy and the intensity of the green coloration; conditions 
which are realized to the greatest extent from the effect of 
the blue frequencies, 


4 


\ 
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Just here the reader must be impressed with the simi- 
larity of effect upon the human organism. It is the blue 
frequencies of light energy even into the ultra-violet, which 
are absorbed by the blood, and there exists in the human 
being a distinct relation between the energy which he is 
capable of exerting and the intensity of the color of the red 
media. | 

Influence of Light Energy upon the Growth of Plants— 
Actinauxism.—Dufour! from his experiments found that 
other conditions being equal, the plant growing in the light 
5 more voluminous and more robust than that which has 
lived in semi-obscurity. Its leaves are more rich in stomata, 
“ts cells better walled, its grains of chlorophyll a great deal 
larger and more abundant and its assimilative energy much 
greater. This retardative action of light known as actin- 
auxism is profoundly beneficent to the plant. It is a matter 
of common observation that in the dark the stems of a plant 
elongate more than in the light. This increase in length is 
not due to the production of new cells but to an exaggerated 
increase of cells already formed. It is not a phenomenon of 
over activity but rather one of degeneration. In the pres- 
ence of light energy the growth is retarded, which is to the 
benefit of the plant, for there is thus secured the solidity, the 
equal partition of the chloroleucites, which are absolutely 
essential to its life. Plants grown in darkness are so slender, 
so lacking in fiber, that they are unequal to the support of 
their branches. | 

Plants grown in the dark have very long internodes and 
leaf-stems but practically no leaf surface. Through the 
effect of light in the assimilation of carbonic acid the growth 
of green leaf surfaces is accentuated. | 

The Transformation of Light Energy into Electro-Mo- » 
tive Energy—Light energy is transformed in the plant by 
the changes of matter, and Waller’ proved that light de- 


Influence de la Lumiére sur la Forme et la Structure des 
Feiilles. Ann.-Se. Nat. bot. 7th- Série, t. Ne). GQ hly TOO7- 
2Compt.. rend. de la Soc. de biolog. 1900, LII., p. 1903. 
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velops an electro-motive energy in the assimilating leaf more 


by the bright red frequencies, especially those absorbed by 
the chlorophyll, than by the heat rays. 

Biedermann’s* researches show that certain plants, among 
them iris, nicotine, begonia and nasturtium, are more 
favorable than others to demonstrate the existence of electric 
currents. If one of them be placed in connection with a gal- 
vanometer by means of electrodes attached to leaves on 


different sides, and one side of the plant be exposed to sun- _ 
light while the other side is kept shaded, then within from 


3 to 10 seconds after exposure to sunlight there will be 


a flow of electricity from the lighted to the shaded parts ~ 


amounting to .005 to .o2 volt. This continues for about 5 
minutes, when the magnet begins to swing back and shows 
an opposite current of considerable magnitude. The mani- 
festations are similar to those of tetanized nerves. The elec- 
tric current of green leaves is least in diffused daylight, 
greater in refracted light and most in direct sunlight. It 
is still further affected by the temperature, 20°C. being the 
optimum for iris. The electric activity is destroyed by 
cooking the leaves nor are the electric manifestations found 
in plants that do not have green leaves. Biedermann con- 
cludes that this is proof that the generation of electro-motor 
force accompanies the decomposition of carbon dioxide of 
the air, the exhalation of oxygen, and the fixation of the 
carbon of the air. . - 

Influence of Light Energy upon the Movements of 
Plants.—In the transformation of energy which takes place 
in plants there may be distinguished two great groups of 
movements, viz., the movement of growth and the movement 
of irritation. 

Growth Movement.—Under the stimulus of light energy, 
plants present definite growth movements, which may be 
regarded as irritation phenomena. When certain parts of a 
growing plant with a definite periodicity move automati- 


/ 


“Dr. W. Biedermann, Ergebnisse der Physiologie. 
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cally one or more times, the phenomenon is known as nuta- 
tion. Of those periodic nutation movements made by the 
green leaves is that known as nyctitropic nutation. By this 
-5 understood the closing and the folding of leaves either up- 
wards or downwards against the common stem, according to 
the kind. It is the movement characteristic of sleep or rest. 
In the daytime the leaves are spread open that the light may 
fall upon them vertically. The sleep movement prevents the 
plant from too great radiation at night. These movements 
are due to the blue and violet frequencies. Red has the same 
action as the absence of light. : 

The growth movement is not dependent upon light under 
all circumstances. It is not required for the process Oi. Ser; 


‘mination, nor for the growth of the roots and many blossoms. 


It is necessary for the growth of many living parasites, both 
the endophytic, or those living in the body of plants, and 
endozooic, those living in the body of animals. - 

In general light retards the growth under the conditions 
enumerated and this is also true of organisms above ground. 
By reason of this fact, the varying rate of growth at different 
times of day is explained. This rate is not for a tine influ- 
enced by artificial exclusion of light. It is in the morning 
that stems and leaves grow most actively and least in the 3 
the growth of plants is lessened by all the frequencies 
of the spectrum except the red and infra-red, as will be seen 
from the effects of the electric arc in the experiments to be 3 
detailed under that head. The most refrangible frequencies 
are the most injuriously active not only lessening the growth 

i ing the organism in part. 
a re oas Light Energy upon the Structure of ool 
—Heliotropism.—By heliotropism is understood an he 
~ development of the two ee of a plant, according to its 
relation urce of light energy. 
ae ce of eae observation that certain plants 
when left in a room lighted from one side only, incline 
toward the source of light. It was demonstrated by von 
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Sachs" that in plants lighted from one side only radial struc- 
tures, stems and roots, bend until their long axes are parallel 
to the rays of light, and that dorsiventral structures, leaves, 
for example, assume a position in which their surfaces are 
perpendicular to the light rays. To those plants or organs 
which,turn toward the light von Sachs applied the term posi- 
tively heliotropic, while those which turn from the light 
were termed negatively heliotropic. He formulated the 
three following laws, viz.: (1) The orientation of a plant 


toward or from the source of light is determined by. the: 


direction of the rays. (2) Orientation of plants is affected 
only by the more refrangible rays, blue and_ violet. (3) 
Light of constant intensity acts continuously as a source of 
stimulation. | 

Stems and leaf stalks are as a rule positively heliotropic, 
while roots and rhizomes are almost all negatively helio- 


tropic. In the former instance they grow toward the light: s:: 


source in the direction of the light rays, but in the latter they 
turn away from the light source. 

To the entire phenomena, however, the term heliotropism 
is applied. A still further modification of this heliotropic 
faculty is observed in the case of green leaves; they turn 

themselves at right angles to the direction of light and are 
said to show a transverse or dia-heliotropism. If plants be 
moved from their normal position, their heliotropic move- 
ments take on curved movements, according to their relation 
to the source of light. Heliotropism is governed by the 
degree of brightness of light. When the light is very bright, 
organs which are usually positively heliotropic may become. 


negatively heliotropic. This is an instinctive effort at. 


self-preservation, for too much light is inimical to the 
normal development of the plant as well as too little. The 
direction of the incident light governs the heliotropic 
curvature. 


This phenomenon has been extensively studied by Wies- 


I 
~ “Vorlesungen iiber Pflanzen, Physiologie, Leipzig, 1887. 
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ner,’ Guillemin? and von Sachs.* They have found that the 
action begins with the frequencies of the green region and 
goes on up even into the ultra-violet, extending even beyond 
some radiations which impress salts of silver. aeine yellow 
frequencies are neutral, but on the other side the action 1s 
the same, rising on the side of the red but very feebly. 
‘Microscopically this heliotropism shows itself by intra- 
cellular displacements, by protoplasmic currents, by a true 
phototaxy of the grains of chlorophyll themselves which 
come and distribute themselves upon the irradiated surface. 
This heliotropic action was very prettily shown in 1890 
by George Romanes* in his demonstrations before the Brit-: 
ish Physiological Society of experiments which he had made 
with fresh tender mustard plants. | 
He sowed the seed in suitable small receptacles, and 
when it began to sprout placed them in a dark chamber. An 
this chamber electric sparks were produced by an induction 
coil at varying rates. Invariably the plants turned their ees 
in the direction of the sparks, even when these were peoguce 
so slowly as once a minute. It would seem as though ee 
tiny plant were looking toward the source of light. @ 
experiment is an interesting one. Whether the phenomenon 
produced was due to the presence of ultra-violet Se 
only, is conjectural. There is the electric action to be 
reckoned with and the ionization of the air produced by 
ischarge. 
Des Helianthus is a very striking example of this helio- 
tropic faculty. On a sunny day it orients its stem ee 
the east after the rising of the sun follows the sun even to the 
middle of the day, remains there immobile, until toward ie 
end of the day it leans toward the west, resuming the vertical 


position during the night. 


i i i iche. Denk- 
By liot schen Erscheinungen in Pflanzenreic 
ase Seaver der Wissenschait. zu Wien. t. NAL 1380; 
ck dae Ge Nature Ath Série. t; VLL p, 101.7185. 


: ische Zeitung, 1865. : 
Rocuele Bae A Report upon the Physics and Therapeutic 


Value of Cathode and Ultra-violet Rays. The Medical NE May 
30, 1903. : 
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Locomotor Movements.—A study of plant life shows 
that many unprotected plasmic bodies, such as the swarm 
spore of many alge, present the phenomena of independent 
movement by means of their waving cilia. This movement 
1s governed in part by temperature, and in part by the action 
of the incident light. These locomotor movements. may be 


regarded as one of the irritation phenomena produced in 


plants by the stimulus of light energy. Microscopic inhabi- 
tants of the ocean, ponds, and lakes, just as larger animals 
change their position by reason of the influence of light: 
Sunlight attracts them, and they often rise to the eurtice 


from the depth of the waters in which they live. The water 


changes in appearance, loses its transparency and takes on 
different colorings, dull green, bluish brown, or red when 
_ they are present in great numbers. Prominent among the 
alge, which will actually move themselves upon exposure to 
light, is a whole series of the Desmidia, particularly the 
Closterium moniliferum. 

Water plants, however, appear at the surface of the 
water, by reason of their production of oxygen, hich les- 
sens their specific gravity. Reproductive cells of the algz, 


swarm spores, zoospores, which are capable of independent | 


movement, as are the infusoria, move as far as possible in 
a straight tine toward the source of light. This is a helio- 
tropic movement, but some such cells are repelled rather 
than attracted by light, and are, therefore, regarded as nega- 
tively heliotropic. Whether they turn on the longitudinal 
axis of their body or not, that is to right or left, again de- 
pends upon the light ray. | 
Heliotropism is dependent, as are so many of the phe- 
nomena of plant and animal life, upon the short and high 
frequencies of the blue region of the spectrum; while the 
frequencies of the red region, like darkness, do not affect 
their action at all. The creeping or amzboid movements 
exhibited by the plasmodia of myxomycetes, as of “flowers 
of tan,” are dependent upon the stimulus of light energy. 
These bodies move away. from the bright spots into the 
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: shade, working themselves slowly along on their base. They 


are, therefore, negatively heliotropic. The movements of 
chlorophyll bodies are possibly dependent on this plasma 
movement, and seems to bear a relation to the greater or 
lesser intensity of light. : 
Every lover of nature is familiar with the intense deep 
green of the leaves of phanerogams, mosses and: the pro- 
thallia of ferns. This is due to the slow-changes in the posi- 


tion of the chlorophyll corpuscles in the protoplasm. Under 


the influence of the stimulus of light energy, especially the 
shorter and higher frequencies, these chlorophyll corpuscles 
collect mainly in the cell surfaces turned toward the leaf. 
While in the dark they collect mainly along the side walls of 
the cell, at right angles to the cell surface. Whether this 
is a direct influence of light upon the protoplasm, or an in- 
direct unfluence induced possibly by primary change in the 
chlorophyll corpuscles, is not certainly known. The posi- 
tion of the chlorophyll corpuscle varies during night and 
day. According to Stahl the position for the most part of 
flat chlorophyll corpuscles with regard to the incidence of 
light is divided into the “suriace position” and the “profile 
position.” The position of the chlorophyll corpuscle in all - 
cases is governed by the following general rule; (1) When 
the stimulus of light energy is at a medium of brightness, 
the chlorophyll corpuscles turn so as to present the broadest 
surface possible. (2) When there is a maximum of light 
energy, ie., direct sunlight, they turn their narrow edge to- 
the light. (3) When there is a minimum of light energy, 
or darkness, the narrow edges are turned, as when the sun’s 
direct rays fall upon them. 

In the second instance they present the edge of the leat 
that the light energy may not be absorbed and act destruc- 
tively; while in the absence of light energy the change of 
position is that of rest or sleep. This movement is the prop- 
erty of the chlorophyll corpuscles or bodies in all assimilating 


tissues. 
They also change in form according to the degree of 
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a When the stimulus of the light energy is most 
eee ae needs they assume the flattest position, 
ae : . es orizontal to the superficies of the leaf. In 
are ne pigment cells of animal organisms chloro- 
phyll corpuscles are capable of contraction. This again i 
ae upon the energy of the light stimulus. The ee 
. a oe an a lighter or darker shade eee 
a : of light energy. ‘This characteristic of the 
hlorophy corpuscles of plants finds its counterpart in th 
pe cells of the chameleon. The protoplasmic cas 
ae Hee ey is only recognized under the 
iS aes Se ee ee seems ordinarily to 
ght, although it is proved to be go 
a Sa oF the presence of oxygen or ae 
me es a usion of light does not affect the protoplas-. 
a at. If goes on just the same as far as is now known. 
xternal conditions, however, may be so changed that the 
serge current may after all be radically influenced by 
ae ae were made by E. Josing as follows 7 
ee jects with freely flowing protoplasm were subjected to 
e ect of weak solutions of ether or chloroform, and (2) 
SS constituent of the air necessary to their life, carbonic 
ie Lo ae by means of a suitable agent from the 
es ne oes the protoplasmic current ceased 
ak ee | was excluded, but resumed its course 
The injurious effects of electric arc light, which is, after 
all, but a miniature stin, were first noticed by Sn 
1880, as is shown in subsequent pages. a 
= oe as to the injurious effects of light on plants was 
st urnished by Pringsheim. There are no changes es- 
pecially characteristic of these injurious effects The fol: 
lowing conditions have, however, been noted : Coie f 
mation of nodes, concretions of Aeaia ep nulitions Bo 
pecially in the cell nucleus, but without any especial Gre 


‘Jahrb: d. Wissensch. Botanik, 1901, Vol. XX VI. 
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ptive effect 


acteristic. There is no such intense nor disru 
ly, as by 


produced by light energy, when acting injurious 
heat. A sudden change of temperature intensifies corporeal 
movements. On the other hand, a maximum light intensity 
tends directly toward precipitation in the plasma and toward 
its rigidity. Contraction occurs only upon death superven- 
ing, but vacuolization does not take place. 

Influence of Light Energy upon the Blossom.—The color 
of flowers is influenced by the different frequencies. By 
using various colored lights, various shades of the lilac, for 
d. The influence upon the aroma 
Strawberries thus 


d crassula flowers, 


example, may be obtaine 
under the red frequencies 1s very oreat. 

grown have a very delicious aroma an 
which are nearly scentless in ordinary sunlight, give out a 

delicate banana-like fragrance. 

The absence of light retards the development of flowers, 
and their color is less intense ‘ny darkness than in sunlight. 
This diminution of intensity of coloring varies with the 
Species, with some there is little change, but with others a 
complete loss of coloring. Asa rule, flowers thus developed 
are stnaller, but on the other hand the peduncles are some- 
times more fully developed. They also are less in size and 
weight, including the supporting pedicles, save in those in- 
stances where the increase in the size of the peduncles coun- 
terbalances the diminution of the rest of the plant. : 

Plant life in commen with animal organisms 1s subjected 

~ not only to the chemical effect of light, but the thermal or 
heat effect as well. 7 

Following the introduction of electric light, the influence 

of the latter in relation to plant life was studied. The first 
made by Hervé Mangon in 1861... By 
this experiment he showed that the electric light can cause 
the production of chlorophyll and also heliotropism, or the 


phenomena of bending or turning to the light. 


experiments were 


In 1869 Prilieux* showed that the electric light, in com- 





1Compte Rend. 53, 243. 
2Compte Rend. 69, 410. 
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mon with other artificial lights, is capable of promoting as- 
similation, or the decomposition of carbon dioxide and water. 
General Pleasanton conceived the idea of growing vegetables 


and fruits in greenhouses constructed of blue and violet. 


glass, and published his results in 1877. He reported the 
production of extremely fine fruit, and that the growth of 
figs was accelerated. These experiments were next followed 
by those of C. W. Siemens in England and P. P. Dehérain 
in France.t| These were still further supplemented by the 


experiments at the Agricultural Station of Cornell Uni- - 


versity in 1891 and 1892,” the latter comprising the only 
definite investigation of the subject upon what might be con- 
sidered a practical or horticultural scale. The English ex- 
periments, although eminently practical, were conducted 
by an electrician, the French were largely confined to phy- 
siological problems, while those of Cornell University 
were approached’ from the standpoint of the gar- 
denet:= 7 

In Siemens’ experiments, the lamp in the first instance 
was placed inside the greenhouse and in the second sus- 
pended over it. That is, in the first series, all the fre- 
quencies of the spectrum of an electric arc from the lowest 
to the highest were in evidence. In the second series the 
ultra-violet of less than 30 microcentimetres were cut off. 
In both cases marked effects upon vegetation in a very short 
time were observed. His light source measured photo- 
metrically produced 1,400 candle-power. When the light 
was placed inside of the house and no absorbing media for 
the ultra-violet frequencies intervened plants within 3 
or 4 feet of the arc suffered much, the leaves of melons 
and cucumbers which were directly opposite the light, 
turned up at their edges and looked as though they had been 
scorched. In general, however, all plants which -were ex- 
posed to normal conditions during the day and to 6 hours 


‘Quoted in Bulletin 30, Agricultural Experimental Station, Cor- 
nell University, Aug., 1801. | : 
“Bulletin 30 and 42. 
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of electric light at night, “far surpassed the others in dark- 
ness of green and vigorous appearance generally.” A 

The electric light fruits had an equally good flavor with 
the others. Supplementary experiments were made in the 
following winter 1880-1881, with a lamp of 4,000 candle- 
power inside a greenhouse of 23,118 cubic feet capacity. 
The light was in operation all night and at first it was used 
without a globe. This again meant the exposure of all the 
plants to the short and high frequencies or ultra-violet rays. 
“The results were anything but satisfactory.” A clear elass 
globe was then placed upon the lamp, following which most | 
satisfactory results were obtained. Peas, raspberries, straw- 
berries, grapes, melons, and bananas mutes early and 
abundantly under continuous light; solar ee by day and 
electric light by night. The strawberries are said to have 
been “of excellent flavor,” and the grapes of “stronger flavor 
than usual.” Competent judges pronounced the bananas of 
“unsurpassed flavor,” and the melons “remarkable for size 
and aromatic flavor.” -Wheat, barley and oats grew so 
rapidly that they fell to the ground of their own weight. 
The effect of interposing a mere sheet of thin glass between 
the plants and the source of electric light was most marked. 
On placing such a sheet of clear glass so as to intercept the 
‘rays of the electric light from a portion only of a plant— 
for instance, a tomato plant—the effect was most distinctly 
shown upon the leaves. The portion of the plant under the 
direct influence of the naked electric light, though a distance 
from it of 9 to 10 feet, was shrivelled, whereas, that por- 
tion under cover of the clear glass continued to show a 
healthy appearance, and this line of demarcation was dis- 
tinctly visible on individual leaves ; not only the leaves, but 
the young stems of the plants soon showed signs of destruc- 
tion, when exposed to the naked electric light, and these 


1Proceedings of the Royal Society, XXXI, 210 and 293. Rep. 


British A. A. S. 1881, 474. ee 
Abstracted in Nature, XXI, 456, March II, 1880. Editorially 


treated in the same issue, 
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destructive influences were perceptible, though in a less 
marked degree, at a distance of 20 feet from the source 
of the light.1. Here the significance of the intense chemical 
activity of the ultra-violet frequencies cannot fail to be 
appreciated. 

In the other series of experiments Siemens placed an 
electric lamp of I,400 candle-power about 7 feet above a 
sunken melon pit which was covered with glass. The arc 
was protected by a clear glass globe. In these experiments 


the light energy was filtered through the media of 2 thick. \ 


nesses of glass, effectually absorbing ail the ultra-violet fre- 
quencies. Seeds and plants of mustard, carrots, turnips, 
beans, cucumbers and melons were placed therein. The arc 
was in operation 6 hours each night, and the plants had 
sunlight during the day. In all cases those plants “exposed 
to both sources of light, showed a decided superiority in 
vigor over all the others, and the green of the leaf was of a 
dark rich hue.” Heliotropism was observed in the young 
mustard plants. Electric light appeared to be about half as 
effective as daylight. The condensed moisture in the roofs 


of the greenhouses at night obstructed the passage of the | 
light. At one time the light was suspended over two parallel — 


“pits nearly 4 feet apart, and the effect was observed upon » 


plants under the glass and in the uncovered spaces -Invall: = 


cases the growth of the plants was hastened. F lowering was. 
hastened in melons and other plants under the glass. Straw- 
berries which were just setting fruit were put in one of the — 
pits and part of them were kept dark at night, while the 
others were exposed to light. The most of the berries had 
attained to ripeness and presented a rich coloring after 
14. days, the light having burned 12 nights, while the 
fruits on those plants exposed to daylight only had hardly 
begun to show a sign of redness. 

_ Siemens also noted that the presence of the electric arc 
light enabled plants in the greenhouses to bear a higher 





‘Siemens’ Report. 
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‘ ° e e s’ 
temperature than they otherwise could® While ca 
observations and conclusions were applied by him . a a se 
tical “‘electro-horticulture,” as he eee yet they : 

iological side as well. 
a value from the physiolog | 7 ; 
The following conclusions were reached by Siemens as 
result of his observations : | | : : 
(1) Electric light is efficacious in producing chlorophy 
in the leaves of plants and producing growth. oe 
(2) An electric centre of light equal to ee ae 
power, 2 metres from growing plants, appeared to be eq 
in effect to average daylight in March. More Se 
| : ! S: 
effects are to be obtained by more powerful light centre a 
(3) That the carbonic acid and nitrogenous compo - 
generated in diminutive quantities in the electric on 
cise no sensible. deleterious -effects upon plants enclo 
the same space. : 
: (4) That plants do not appear to require a period a 
est in the 24 hours, but make increased and ee 
: f e ; ° 
ous progress if subjected during the daytime to sunlig 
2 . ° 
duri lectric light. 
nd during the night to e 
: (5) That the radiation of heat from powerful ae 
rcs can be made available to counteract the effect o ‘nig 
& = . e {tc 
- frosts; and is likely to promote the setting and ripening o 
it in the open air. : a 
or Cha wii under the influence of electric a 
plants can sustain increased. stove heat, without collapsing, 
circumstance favorable to forcing by electric Ce ue 
Dehérain’s experiments were conducted at the ee 7 
d’Electricité in Paris in 1889. A small ee nee 2 
oe ie see i : 
ing’ ifist tion building was divided into 
ing ifiside the expos! he 
tment was darkened a | 
artments. One compar : 3 ) 
aed white upon the inside; this received the os 
. n 
luded. The other compartme 
and all solar light was exc i 
was not changed. A lamp of 2,000 pee was ae 
2 : . ° ~ . ° e no re- 
C iti Iding sufficient sunlight is 
In stich an exposition building u : 
ceived to maintain a healthy growth. ‘The Ce We 
was used first and run continuously. Barley in hea | 
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flax in flower, also chrysanthemums, roses, pelargoniums and 
a variety of ornamental plants were brought into this com- 
partment. Most of them-were seriously injured after seven 
days of continuous lighting. All the pelargoniums lost 


their leaves, cannas discolored, four-o’-clocks were tarnished 


and bamboos were blackened. “But the most curious effect 
was produced upon the lilacs; all the parts of the leaves that 
had received the direct rays from the lamp were blackened, 
while those protected by the upper leaves preserved their 
beautiful green color, and the impression produced upon the 
epidermis by the electric rays had the clearness of a photo- 
graphic plate.’ Azaleas, deutzias and chrysanthemums 
were similarly affected. It was found that the discoloration 
did not extend beyond the first layer of the palisade cells. 
Those plants subjected to solar light by day and the electric 
arc by night were injured in the same manner, but not to the 


same degree. Old leaves suffered most. The pelargoniums — 


sent out mere shoots, and the young leaves resisted the ac- 
tion of the light much longer than the mature ones. The 
flax continued to grow and the barley ripened. Plants ex- 


posed to the electric light alone were able to assimilate, but : 


the action was very slow. One hour of sunlight was equal 


to several days of electric light in assimilation. In two. 
weeks the condition of the plants was so bad that the arc » 


was thereafter protected by means of a glass globe. The 
experiments then proceeded in the same manner. Sprout- 
ing seeds grew alone in electric light for a time, then drooped 
and died, not being able to make true leaves. Sprouting 
maize turned black, but maize in full growth remained in 
good condition for two months, though not growing any 
more. While new leaves appeared on roses and other plants, 
they grew slowly or not at all. In previously formed fruits, 
seeds did not ripen, nor flowers appear, save in the case of 
barley, which made good seeds. Many plants remained sta- 
tionary, and assimilation for all was much more feeble than 
with the unprotected arc. 

Dehérain, in discussing the physiology of the plant under 
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experiment, came to the following conclusion: (1) The 


electric light from arc lamps contains rays harmful to vege- 


tation. (2) The greatest part of the injurious rays are 


modified by glass. (3) The electric arc contains enough 
rays to maintain full-grown plants two and one-half months. 
(4) The light is too weak to enable sprouting seeds to pros- 
per or to bring adult plants to maturity.* 


The experiments at Cornell conducted by Batley ex-.: 


tended over a year, and were made more from the gardener's 
point of view than those of Siemens and Dehérain. They 
are of equal interest with those detailed, but as they were 
made under conditions favorable to the growth and develop- 
ment of vegetation, and for the purpose of showing the valle 
of the energy of the electric arc in forcing establishments, 
they are not so striking in their injurious effects. | 
In the experiments of Siemens and Deherain, the action 
of the great quantity of the higher and more refrangible fre- 
quencies, the blue violet and’ ultra-violet present, produced 
in a very marked manner their characteristic effects. : 
Conclusions from the Corneil University Experiments 
-1890: | 
ae That electric light may be used under stich condi- 
tions as to make it fairly comparable to sunlight in its power 
romote protoplasmic activity. 3 
a (a) The secttic light acts as a tonic to plants SO that 
they are able to endure adverse conditions which otherwise 
would cause them to collapse. | . e 
(3) That the electric light is a true vital stimulus, since 
the effect of its use at night upon plants is essentially the 
same as that of the longer day. of the arctics upon plants 
growing in that region. | : : oo 
: Nature? in commenting editorially upon Siemens es 
periments and the relation of light to vegetation, said: Ditt 
the scientific interest of its present application must rest 


4Am. Agronom. VII. 551 (1881). Quoted by Bailey, Agricul- 
tural Bulletin 30, Cornell University, Aug., 1891. 
*Nature, March 11, 1880. 
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mainly on the fact that the cycle of the transformation of 
energy engaged in plant life is now complete, and that, start 
ing from the energy stored up in vegetable fuel we can ru 
ee the changes from heat to electricity, ind thence - 
a eran we now know, we can store up in vegetable 
ue again. To-day these experiments as well as those of 
Dehérain, Bailey and Cornell University serve to still fur- 
ther emphasize the value of light energy from artificial 
sources for’ the purpose of treating disease. The muthers 
interest in the subject of light energy was originall reatly 
stimulated by the result of these experiments. i : 
Conclusion—From all this mass of experimental data 
the paramount importance of light energy upon the Teectable 
organism 1s evident. Vegetable life is not possible save in 
the presence of light. Chlorophyll assimilation, the funda- 
mental phenomenon of plant life, is only possible in the pres- 
ence of the energy of light. The frequencies of the : ec- 
trum influencing this function are the red, orange ee 
violet. Nor is the role of light confined to this phenomenon 
of vegetable cellular life alone. Tt plays another most im- 


poMant part in the life of the plant. In connection with | 
geotropism, it rules the direction of the growth of the stem, ~ 


the leaves, their position, the position of the flowers, in short, _ 


it determines some actual movements of the three parts of | 


ie plant. In the production of all these phenomena the 
chemical part of the spectrum is alone active. 
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CHAPTER V. 


The Action of Light Energy upon Bacteria. 


Introduction—In a study of the bactericidal power of 
light one cannot fail to detect great discrepancies at the 
hands of different experimenters. These are due to the 
conditions of experiment. In no instance, at least but sel- 
dom, and with solar energy not at all, is the light intensity 
measured. To be exact, the hour of the day, the nature of 
the place of experiment, the condition of the sky, clear or 
obstructed, the light intensity, the temperature and the in- 
fluence of the culture medium are all factors in the results, 
and similarity of result will only follow when each and every 
experimenter takes into consideration all cf these factors. 
For practical work, it is sufficient to speak of the bactericidal! 
power of the light, but not for laboratory experiment. 

The influence of these different factors is considered first, 
with the results obtained by the various experimenters taking 
them into account. In the subsequent pages the bacterici- 
dal power of light is discussed in its more practical relation, 
rather than in its laboratory relation. 

Transformation of Bacterial Species under the Influence 
of Light Energy.—Aside from the phototactic phenomena 
presented by bacteria there is also the phenomena of trans- 
formation of one species into another under the influence 
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of light energy, as wa in t 
cetes by Elfving? oe pe eee vee 
Laurent experimented with the bacillus discovered b 
Breunig in the waters of the city of Kiel. Light pla : 
considerable role in the development of the colorin : ie : 
of chromogenic bacteria, and on the other hand seaedn 
ie the intensity, acts to suppress the Giromosenic ahecorl 
fe found the Kiel bacillus cultivated upon a potato, to show 
. tne end of 24 hours a purple color. From Suatie to the 
ight a series of cultures for a varying time, Laurent estab 
lished that at the end of 3 hours the bacillus nae decoloriz 4 
and modified to the forming of a new race, decolorized a i 
»stable. D’Arsonval and Charrin reached aualoeous cack 
sions from their experiments with pyocyanic bacilli, ae 
oe ee of Temperature—lIt has been observed by 
ce ae of the Aspergillus Niger and of the 
ues that in the neighborhood of the critical 
emperature a difference of a half to a degree between the 
two cultures can produce prefound differences between them 
Influence of the Culture Medium—This has been ae 
se considered by Duclaux. The bactericidal action of 
ee . markedly influenced by the nature of the culture 
That experiments may have their full value a precise 
method should be followed: a well-defined microbic specie 
selected, an appropriate culture medium employed ae i 
time of exposure to the light energy exactly measured 
Duclaux’s experiments were made upon the aon of a 
bacillus of milk, the Tyrothrix Scaber, and upon a coccus 
found in the boil of Biskra (Biskra-Button—see Chapter 
XII.), probably identical with the streptococcus Pp 0 ae 
and from them he reached the following Pe : 3 
(1) The degree of resistance to the sun of the spores 


































*Studien tib i le ee : 
Bare eo er die Einwirkung des Lichtes auf die Pilze. Hel- 


7Annales de 1’Inst | 
Bosque c Sui eee 1888. C. R. Soc. Royale Bot. de 


‘Traite de Microbiologie, t. I. Paris, 1898 


of various bacilli is variable with the genus of bacillus, and 
for the same bacillus, with the nature of the liquid in which 
it has been cultivated. 


exposure that these spores, preserved dry in a balloon of 
glass, begin to become incapable of developing themselves in 


an appropriate medium. 















more rapidly killed than the spores of the bacilli. 


retard the evolution of enseminated spores, while sunlight 
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(2) It is hardly more than at the end of a month of 


(2) The cocet, ot which the. spores are unknown, are 


(4) These cocci are less resistant insolated in the dry 
state than when they are contained in a culture liquid. 

(5) The death of all microbes is as much more rapid as - 
the insolation is stronger, and a great deal more prompt even 
under a feeble sun than in the dark or in diffuse light. 

The minimum duration of resistance was in those ex- 
periments of 12 hours of insolation in July; the maximum 
duration of 2 months, for some spores of bacilli insolated dry. 

At the same time Arloing* made analogous experiments 
upon a well-defined species, the bacillus anthrax, and made 
parallel observations upon variations of virulence and varia- 
tions of vitality produced by light. 

By these experiments he proved that gaslight sufficed to 





transformed the cultures into a series of “vaccines” grad-. 
ually attenuated. Arloing found that the spores were killed 
at the end of 2 hours of exposure in the month of July 
with a temperature of 35°C.; while it was necessary to have 
30 hours of exposure to render sterile the mycelium of the 
came bacillus in full development. . The spores show them- 
selves less resistant to the action of light than the bacilli 
themselves. 

Roux? also made a study of the action of light energy 
upon the anthrax bacillus. He found that the vitality of the 
spores exposed to sunlight were preserved to the 29th hour 
at the minimum, while the maximum time was the 54th hour. 


1@e Re aIsss. te ©; p. 1375, +. Cl Ds 50t. 
2Annales de l’Institut. Pasteur, 1887, t. I., p. 445. 
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After 83 hours of insolation there were some insolated. 
spores, sheltered from the air that gave some beautiful cul- 
tures. This is again illustrative of the fact that the micro-_ 


bicidal action of light ds dependent upon the presence of 
oxygen. 

As a-result of many experiments Roux concluded that 
after 3 or 4 hours of exposure, the insolated median 
has undergone the chemical changes which renders it unfit 
for the development of the spores which are not yet killed 





and will be only by the 30th or goth hour. The modifi-. 


cations brought about in the medium which are so profound 
as to prevent the generation of the spores are not, however 


sufficient to prevent the evolution of bacilli already formed, - 





which are better able to withstand the light energy. If 
bouillon which has been insolated and will no longer peur 
charbon spores to germinate, be sown with bacterium fila- 
mentosum, it will multiply there in abundance. Whatever 
modifications the nutritive medium exposed to the action 
of light produce, the presence of oxygen is necessary. 

Upon exposing charbon spores to the action of the light 
Roux found that those contained in open glass tubes with 
free access to the air became sterile; while those placed in 
closed tubes would germinate in the same bouillon after in- 
solation, if the containing mass were transferred inte an 
aerated tube. | 

The Role of Accessory Conditions in the Bactericidal 
Action of Light.—The influences which govern the bacteri- 
cidal action of light energy are (1) the medium, (2) the 
atmospheric condition, whether humid or dry, and (3) the 
influence of the air itself. 

A study of the influence of these conditions serves to 
elucidate the subject still further. 

Momont'st experiments demonstrated the influence of 
the medium. He exposed to the sunlight some pieces of 
blotting paper soaked with charbon blood, and at the same 





“Annales de l’Institut Pasteur, t. VI., 1802. 

















































































































































































































BACTERIA. 167 





time some of the same blood upon sterilized plates. By 
inoculation he proved that the charbon bacterium was killed 
on the sterilized plates in 6$ hours ot insolation; while the 


_ pieces of blotting paper still gave some virulent cultures after 


16 hours. In the latter instance, the charbon bacteria were 
protected by the fibers of the paper. 

Momont has also experimented to determine the influence 
of the atmospheric states of humidity and dryness, but the 
point is not yet elucidated. i 

The experiments of Pansini, made at Naples, consisted 
in exposing tubes containing some sowings made upon 
gelatin or gelose. . These tubes were closed with cotton 
wool and exposed to the solar energy. A tube was taken 
each half hour, and placed in the incubator to observe its 
development. ae 

Pansini concluded that the action of light at first simply 


‘retarded the growth, and subsequently proved destructive. 


The time required for a lethal effect upon the bacterial 


- growths varied with the microbic species. 


He has made a very precise series of experiments which 
show the relation of the bactericidal action of light energy 
to the time element. Exposure to the sun was made of 
some pendant drop cultures of anthrax bacillus. The tem- 
perature varied between 32° and 40°. He drew from one 
every 10 minutes to count the germs by the method of 
plaques. 

The second day’s examination is as follows: 






Plate exposed 10 minutes to SUN.......-++++++- 360 colonies 
SS e 20 - eae reracie ry re grena ane 130-23, 
¢ (a3 (a3 6é (74 6 
s i 30 e Bas De Manone Ae 
- z 40 s No oooh ea Bre 
Oe ee ea ee 
Ta RE TRE OR TERA eh ATR ON 5 
. ¥ 1 hour: 10 minutes. .....56.0---- O 
te “ to the same temperature in the dark. .2520 s 





The spores of the bacteria insolated dry were much more 
resistant, and gave a table of the following order : 









~~? Ss" ry ee —————=<== 
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Plate exposed 30 minutes to the light 


LE OU Fee pee Ee ea Sean leet 208 
: : 
: : BRNOUES sasctuece Dos emer oeat ne ASe oF 
79 ce 66 ce ¢ ‘¢ 
Baie SSA GARE PSE Saw BOSai 
¢ ce 6eé (79 66 (73 a4 
66 (73 4 6¢ ce ce Cee Ras Mpa ae as a GiGi 
(79 (73 (Sts 6e (<9 CHER pees Tae q 6e 
- fa iC ete ig een gsc at 3 

by ce (79 oe ce 3 oe 

vA OOO 63:0. 6-05 0:6: 006 
is eS GS -hours: and: morewie a SAO ae awe 

Plate exposed in the dark...... SG Ss los beam ae LOLS ee 


By these tables it will be seen that a much more rapid 
destruction took place in the first moments of exposure, only, 
_ however, to become complete at the end of more than an 
hour for the bacteria, and of more than 8 hours for the 
spores. 

The Action of Insolated F requencies of Light Energy 
upon Bacteria—D’Arsonval and Charrin} studying the 
causes of exaltation, or of attenuation of the microbe and 
the media which they inhabit, analyzed, amongst others, the 
effects of light upon the bacillus pyocyanicum. Submit- 
ting this bacillus to the action of the white light, he found 
first a diminution of its chromogenic power. He then ex- 
posed the “sown” tubes, for a time varying between 3 
and 6 hours, one in the chemical part, the others in the 
calorific part of the spectrum, all the other conditions being 
equal. Next a drop of each of these cultures was placed 
upon agar. After 2 days in the incubator at 35 degrees, 
only the culture submitted to the red light gave pigment, 
the other remaining colorless. By increasing the time of 
exposure of the tubes to the light, those that received the 
violet light remained sterile while the others gave prosperous 
culture. These authors take care to note the excessive 


variety of the effects obtained according to the intensity of 


the luminous sources. 


Ledoux-Lebard? studied the action of the luminous agent 
upon the diphtheria bacillus. He proved that the action of 


diffuse light did not prevent the development of cultures of 


“Comptes rendus Acad. des Sc., janv., 1894. 
“Archiv. de Med. Exper. et d’Anat. pathol., 1893. 
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bacteria, while the solar iight sterilized the bouillons of cul- 
ture in a few days; that diffuse light killed the dry cultures 
of diphtheria, spread in thin layers, in 24 hours of illu 
mination, and had a bactericidal power for bacilli in dilu- 
tion in distilled water.. He confirmed also the observation 
that the bacillus of diphtheria, like other microbic species, 
is killed by the most refrangible rays of the spectrum, the 
less refrangible rays having no bactericidal action, 

The action of both sunlight and that of the electric are 
upon the growth, and the life of various kinds of micro- 
organisms, is then firmly established by extensive and very 
carefully conducted experiments, and that this action with- 
out the living tissue takes place can in no sense be gainsaid. 


That it takes place in living tissue by the action of the 


chemical rays which penetrate them, is disproved by the 
experiments of Bernard and Morgan. : 
This bactericidal action of light was first pointed out by 
Downes and Blunt, who in 1877 communicated a paper to 
the Royal Society on the ‘Influence of Light upon es 
plasm.” They called attention to the fact, that diffused an 
still more direct sunlight had the power of killing putrefac- 
tion bacteria, that heat rays play no part in this action, and 
that the most active are the blue, violet and ultra-violet fre- 
quencies, but that the red and orange are not entirely in- 
active. Their experiments still further show that it did not 
matter whether the bacteria were damp or thoroughly dried, 
but that the presence of oxygen was of absolute necessity 
for this bactericidal effect. They were of the opinion that 
the action of light in these experiments upon bacteria was 
not to be sought in a modification of the nutritive basis, and 
also considered the possibility that the products of metabol- 
ism in the bacteria may be influenced by light. These facts 
were at first disputed by Tyndall, but they soon had abun- 
dant confirmation from all sides. The experiments of 
Downes and Blunt were made with any bacterial mixture of 


‘Proceedings of the Royal Society of London, Dec:.. 6;-1877; 
Vol. XXVI.;.p. 488, and Dec. 19, 1878, Vol. XX., p. 100. 
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decomposing liquids conveniently at hand, but later investi- 
gators have used pure cultures. i 7 

In 1892 Marshall Ward! presented a paper to the Royal 
Society of London, entitled ‘‘Experiments on the Action of 
Light on the Bacillus Anthracis.”” He showed the effect of 
light on bacilli from the Thames, and found that in all cases 
solar and electric-arc spectra exerted no perceptible action 
whatever in the infra-red, red, orange or yellow region, 
while all the bacteria were injured or destroyed by the rays 
from the blue or violet spectrum. The intervention of a 
thin piece of glass resulted in cutting off a large proportion 
of the effective rays. The most distinctive rays, i.e., those 


at the end of the blue and beginning of the violet, were to — 


some extent effective, even after reflection from the inner 
face of a quartz plate covering the film, and the glass on 
which it was supported. Ward also showed that moulds and 
yeast cells were injured in their development and growth, a 
fact more recently corroborated by Bie. This former inves- 
tigator goes on to say that these results evidently suggest 
that the naked are light may prove to be a very efficient 
disinfecting agent for use in hospital wards, railway car- 
tiages and other places where the rays could be projected 


directly on the organisms. In this report Professor Ward 


stated : 

“The results are as startling as they are important, for 
if the explanation given of the phenomena observed in the 
following experiments turns. out to be the correct one, we 
stand face to face with the fact that by far the most potent 
factor in the purification of air and rivers of bacteria is sun- 
light.” : 

Professor Ward in connection with Sir Oliver Lodge? 
exposed culture plates to the ultra-violet energy of the 
electric arc alone, as well as to the energy of other parts 


‘Quoted from Committee Report on Light as a Diagnostic and 
Therapeutic Measure by Margaret A. Cleaves, M.D., to American 
Electro-Therapeutic Association, Sept. 25, 26, and 27, 1804. ‘ 

‘Lectures to Medical Practitioners upon Physics, by Sir Oliver 
W. Lodge. Archives Roentgen Ray, June, 1904. 
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of the spectrum, establishing a much more powerful bacteri- 
cidal action with the ultra-violet alone. : 

In the more recent investigations, care has been taken to 
consider not only the fact of the bactericidal action of light, 
but also the physical factors in that action. To that end the 
sources of light were taken into account, their intensity and 
the use of light filters as well. These physical factors were 
most carefully considered in the experiments of Bernard and 
Morgan to be subsequently detailed. , 

Theodore Geisler? in 1892 found no qualitative differ- 
ence between sunlight and electric light, only a quantitative 
difference. In the course of some experiments on the 
typhoid bacillus he found that the most decided effect 
was produced by the rays from the violet end of the spec- 
trum. : 

His experiments were conducted in the following man- 
ner: two cultures were sown with typhus bacilli and placed in 
the dark, two in the sunlight, and two placed 1 mm. from an 
electric arc of 1,000 candle-power. 

He concluded as follows: That there is no qualitative 
difference between the electric arc and solar light, and that 
all the frequencies of the solar and the electric arc spectrum, 
save the red, retard the development of the typhus bacillus, 
and that this influence is so much the stronger the more re- 
frangible are these frequencies, i.e., the shorter and higher 
their wave length. 

The author has substantiated this action of the chemical 
frequencies, visible and invisible, as obtained from a 7-am- 
pére water-cooled iron electrode lamp, a 5-minute appli- 
cation destroying them completely. The same was true of 
the staphylococcus pyogenes aureus. 

P. A. Khmelevsky,? of St. Petersburg, after prolonged 
experiments, concluded that both solar and electric light 
have an undoubted inhibitory influence on the growth ot 


microbes. 


1Centralblatt fiir Bakteriol. V. IT., 1892. 
*Quoted by author in 1894. , 













































G2 LIGHT ENERGY. 





Klebs-Lofflert discovered that diffused light does not 
prevent the development of cultures of diphtheria at ordi- 
nary temperatures, or at a temperature as high as 95°F., 
but that sunlight arrests development, and after an exposure 
of several days sterilizes bouillon. This bactericidal power 
of light toward the bacillus of diphtheria is due almost ex- 
clusively to the rays of greatest refraction, those at the other 
end of the spectrum having little or no action of this kind. 

There is a very extensive bibliography upon this subject, 
and Freund? refers to the following experimenters:- 
Faligati (1), Arloing (2), Duclaux (3), Lubbert (4), 
Janowski (5), Santori (6), Raspe (7), Geissler (8), Kol-. 
liar (9), Dandrien (10), Chmiliewsky (11), Gaillard (12), - 
Marshall Ward (13), Ledoux-Lebard (14), Pansini (15), 

- d’Arsonval and Charrin (16), Roux (17), Billings and 
Peekham (18), Kruse (19), Koch (20), Beck and Schultz 
(21), Dieudonrte (22), Buchner (23), v. Esmarch (24), 
Giunti (25), Martinaud (26), Momont (27), Wittlin (28), 
Richardson (29), Shickhardt (30), and Ruhemann (31). 
This bibliography is appended for the benefit of the reader 
who may not have access to Freund’s book. | 




























































“Quoted by the author in 1894. Com. Report on Light as a 
Diagnostic and Therapeutic Measure Am. Electro-Therapeutic Ass., 
1894. : 

*Freund, Radiotherapy, Rebman & Co. 
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Among the lower forms of life, especially upon bacteria, 
strong light has a fatal action. : 

The bactericidal action of light belongs to the ultra-violet 
end of the spectrum. 

By means of an ordinary arc lamp bacteria may be killed 
in from 5 to 8 hours, but by means of concentrated 
arc light through condensing lenses of quartz, they can be 
killed in as many minutes (Finsen). 3 

Both solar and the electric light, when diffused, are much 
less active than when concentrated, and require much longer 
to exert their bactericidal and disinfecting action. This ac- 
tion is very mild with an incandescent light as compared with 
the electric arc and the sun, nor is it to be regarded as a 
germicidal agent, although it is by no means inert, as it has 
abundant blue and violet: frequencies, which are chernically 
active. Blue light of great intensity has been shown by 
Kaiser to have a bactericidal action. See Chapter XIV. 

Below the ultra-violet then, the spectrum is not active 
as a direct bactericidal agent, but there is a modifying in- 
fluence exerted by the chemical frequencies (blue and violet ) 
tending to a diminution of the virulence and ultimate death 
of pathogenic organisms. 

Dieudonne observed that direct sunlight will kill bac- 
teria in one-half hour, diffused daylight in 6 hours, an 
electric arc light of 900 nominal candle-power in 8 hours, 
and an electric incandescent lamp in 11 hours. The 
action of sunlight upon bacteria depends upon the season of 
the year, as its intensity naturally varies. The experiments 
of Finsen, Bang and Strebel show that concentrated sun- 
light checked the growth of bacteria after one minute, and 
caused death in 5 to 7 minutes. Concentrated arc light 
checked the growth after 4 to 5 minutes and killed the 
bacteria in from 15 to 20. Arc lights with metal electrodes 
and the electric spark kill micro-organisms after a few sec- 
onds, 5 to 4o. 


*Dieudonne, quoted by Freund. 
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‘The disinfectant action of light has been clearly demon- 
strated after the rays have penetrated clear water to a depth 
of at least 30 centimetres. This shows that water exposed 
to the sun’s rays, for example, tf perfectly clear and not of 
great depth, can be freed from pathogenic organisms. But 
as it has been shown by Bernard and Morgan in their ex- 
periments, that 2.5 centimetres of water is sufficient to cut 
off four-fifths of the rays from the middle of the ultra-violet 
region, in which are the active bactericidal frequencies, it 
follows that this disinfectant action of solar light to ex- 


posed water to a depth of 30 centimetres must be due to ~ 


a penetration of the visible chemical frequencies, blue and 
a bactericidal effects of sunlight have been extensively 
studied. The evidence shows that sunlight plays an impor: 
tant part in nature in the disinfection or self-cleansing of 
rivers.t The water of rivers contaminated by sewage 1s found 
to become free from bacteria after having flowed for some 
distance. That a part of this demonstrated effect may be due 
to dilution, to deposit of sediment, and to absorption or 
decomposition of substances by plants or animals is very 
probable. Still the disinfection of running water : Me 
doubtedly contributed to very largely by the chemica - 
quencies of sunlight. It also has an effect upon the dust a 
streets. This was the subject of experiment by Wittlin, 
who showed that it was disinfected in a high degree by sun- 


licht. The bactericidal effect of direct sunlight upon germ- 
ras) , 


containing clothes, bedclothes, etc., _was tested by von 
Esmarch, who found that the action 1s confined to the oe 
terior lavers of the objects, and does not penetrate into the 
i ior at all. 

3 ae bacilli are quickly killed by direct exposure to 
the solar rays, the time varying according to circumstances, 
from a few minutes to several hours; while the diffuse rays 





. 9 ° 
1Prausnitz: Influence des Egouts de Munich sur l’Isar. Munich, 


80. , 
Quoted by Freund, Radiotherapy. 
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will destroy these organisms i ney. 
lence diminishing ae ae ae : ae their viru- 
= i oe ae effect of light is dependent on the quan- 
Ga Ss =: . Speers to have been proven by Krebs! 
nary electric-li ‘ aes 5 amperes ot current as in an ordi- 
iG ounce - ve ees eee Se es oe 
ins SIn 
ren 60 to 75 ampéres, Freund? ee as . bad ee 
action took place when the rays were passed oes ee 


tis i i 
7 sue. The ear ofa black rabbit was stretched between 


the rays and a plate culture of staphylococcus pyogeneus 
ae The culture was placed in the incubator after an 
oe S exposure, but the next day was found to be covered 
Hs oe of bacteria. The same negative result fol- 
a the experiment with the ear of a white rabbit. and 
cone the ear moistened with adrenalin. In all 3 ee 
e 2 ammation of the ear developed in 24 hours. 
Me yra sufficiently prolonged exposure to the active solar 
lyS practically all pathogenic bacteria and spores may b 
destroyed. “The germicidal action seems to be du a 
tially to changes in the medium involving its = a 
oxygen, but chiefly to a direct action of the chemi ie 
quencies of light.’ a 
Different kinds of bacteria are differently affected, 
being much more quickly affected than others. The ‘ ee 
ments of Larsen* showed that the bacilli oF eyaline aoe 
theria, plague and splenic fever have very little oudine 
Sa ne ae and staphylococci offer oe 
is favorable to the gr 
This was observed by Engelmann ee Asoka, 
cum, by Gaillard in yeast and mould fungi, and by S he i 
in a coccus cultivated from the feces. : Aas 
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The spores and the bacilli of splenic fever offer different 
powers of resistance also, as shown by Arloing, who stc- 
ceeded in killing the former in 2 hours’ exposure to direct 
sun heat, while from 26—30 hours were needed for the 
latter. 
A degree of illumination used may be insufficient for the 
complete checking of the development, yet may in some 
cases prove harmful to the formation of pigment. But in 
the case of other bacteria again, i.e., micrococcts ochroleu- 
cus, light is a necessary condition for this.1 All of the ex- 
perimental work shows that by the exposure to light the 
development of the bacteria is not only checked, but also the 
virulence of the micro-organisms is lessened. 3 

For the purpose of proving in what part of the spectrum 
the bactericidal frequencies are to be found, science is most 
indebted to Vlademar Bie, Sophus Bang, Bernard and Mor- 
gan. The two former are known in connection with Fin- 
sen, being associated with him in his work. 

Bie’s experiments were made with the bacillus prodigiosus 
and the light from a 35 ampere arc at 44 to 46 volts, giving 
about 600 candle-power. The light was concentrated by a 
Finsen apparatus, and fell vertically upon the culture. Ves- 
sels with plano-parallel glass walls enclosing a layer of fluid 
3 cm. in thickness were used as light filters. As absorbing 
media Bie used (1) a fresh 1% sulphuric acid solution of 
quinin with a few drops of sulphuric acid, which allows the 
passage of all the rays but the ultra-violet; (2) a 59e solu- 
tion of chromate of potassium, letting through red to green 
inclusive; (3) a 14% solution of bichromate of potassium, 
letting through red to green inclusive; (4) a 14% soiution 


of bichromate of potassium, letting through red to yellow 


inclusive; (5) a 1-79 solution of fuchsin, letting through 


red alone. 
The light intensity was determined by comparing the 
degree of blackening of spots, produced by exposure of 


aristo paper to the light during definite periods of time. 


‘Freund, 


TT SS MT ASE oS LE OEE NE OD — 
: aa - ee PRIA LION HT PE ee ENS 








178 LIGHT ENERGY. 


Bie found as a result of these experiments that all the 


frequencies of the visible spectrum, and the invisible chemical 


frequencies or ultra-violet (the infra-red were not ex- 
amined), in an increasing ratio from red onward, checked 
bacterial development. The action was found to increase 
with the ratio of refrangibility, but was especially marked in 
the blue, violet and ultra-violet frequencies. It was only 
after prolonged illumination that a bactericidal action was 
obtained from the red, orange and green frequencies. It 
was not until an exposure of 14 hours had been made with 
light that even the faintest perceptible retardation of growth 
was observed from the action of pure red light. 

The experiments of Sophus Bang were conducted with 
the greatest care. He took into account all the conditions 
to be noted with regard to light-action, the strength of light 
used, the distance of the object from the ray source, the kind 
of rays passing the filters and the amount passing through, 
the percentage of light penetrating through the bacteria 
(taking into account the absorption and refraction of the 
light through the containing vessel and the culture medium ). 

Everything was so arranged in making these experi- 


ments that the beam of light should meet with as few ob-_ 


stacles as possible on its way from the light source to the 
object. The reflecting planes were as few and as simple, 
and the absorption and refraction as slight as possible; an 
even temperature was maintained, and measures were 
adopted for varying the strength of the light according to 
the gradation desired. In his experiments Bang used an 
apparatus in which the bacteria culture was spread out for 
examination in the thinnest possible aver, €.2,, aS a Slis- 
pended drop on thin quartz plate. This quartz plate was 
used as the lid of a “moist chamber,” which, in turn, was 
fixed in a box filled with water of an even temperature, kept 
constantly flowing by a paddle wheel. -The light was then 
_ admitted through a quartz window in the side of the box, 
and its intensity and direction of incidence exactly esti- 
mated. Under these conditions Bang reached the conclusion 
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that under the influence of light at a distance of 28 ay ae 
a 35-ampére so-volt electric arc, at an angle of 45° to the 
axis of the carbon, after a part of the heat rays had been 
kept back by a layer of water 25 mm. in thickness between 
quartz plates, and at a temperature of 30°C., a Se 
prodigiosus broth culture in a pendant drop is sterilized 1n 
about one minute, a 10 to 15 hours culture in from 3 to 
s minutes. The light acts more quickly at 45°C. than at 
30°C., sterilizing a 3 hours culture in about half a minute. 

The older the culture, therefore, the more resistant it is 
to the action of the light, and further with increase OL tem- 
perature the bactericidal action from light increases. 

More recently two English physicists, Bernard and Mor- 
gan, at the suggestion of Dr. Allen Macfayden have con- 


ducted a series of very careful experiments to determine — 


(1) to what portion of the ultra-violet spectrum is the bac- 
tericidal action due, and (2) is it a primary ora secondary 
effect due to the reaction established in the tissues. 

This well-known action of the higher and shorter fre- 
quencies of light vibrations, or light without heat, to destroy 


ie = Minis: 
micro-organisms without the body, is axiomatic. 


point was first covered by the experiments and verified at 
every turn. That organisms inside of the living oe ee 
destructively acted upon by light vibrations was regar - as 
a matter of considerable doubt. Just here it may be well to 
note in passing that the bactericidal action attributed to 
radio-active substances, to the X ray, to high-frequency cur- 
rents or to other forms of electricity, unless in the polar 


{£ its” 
action of the continuous current, anodal, by reason o 


intense acidity and free oxygen, cannot in any instance be 
regarded as an immediate lethal effect upon the micro-organ 
isms within the tissues, but rather as an inhibitory ae 
while the reaction established in the tissues through the loca 
or general expenditure of one or the other forms of energy, 


1For detailed description of Bie’s and Bang’s ee te 
author is indebted to the English translation of Freund’s Radio 


therapy, pp. 406, 407, 408. . 
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renders them an unfit habitation for living micro-organisms. 


It becomes simply a question of the survival of the fittest. 
And more, there is an action upon the oxygenating power 
of the blood-stream which tends to a removal of the detritus 
loading the vascular system, and at the same time the prod- 
ucts of cell necrosis. That there is an effect upon the 
products of bacterial metabolism as suggested by Downes 
and Blunt seems very certain, tending to their removal, an 
effect of more importance even than the actual destruction 
of the bacilll. 

By. their experiments Bernard and Morgan* found that 
light was powerless to destroy bacteria in those cases where 
its rays were made to pass through any organic substance 
before impinging upon the bacteria, and even the thinnest 
film of agar served to protect the bacterial cultures. Much 
less can the bactericidal rays penetrate living or dead tissue 
under the ordinary conditions of experiment. This state- 
ment they proved in the following manner : 

The light from an automatic arc lamp, that is, a lamp in 
which the carbons were kept at a suitable distance by means 
of a clock-work arrangement, was allowed to pass through 


a metal cylinder through which water constantly circulated . 


to eliminate heat, and which was closed at each end with a 
disc of quartz. An agar plate was thickly. inoculated with 
an active culture of bacillus coli communis, and exposed to 
the light directly after inoculation, and then incubated for 
24 hours or longer at 37°C. The light was only per- 
mitted to fall on a portion of the plate in order that the 
organisms should grow naturally on the other part, and 
thus serve as a control. A current of 7 ampéres was used 
at a distance of 10 cm. from the arc. | 

In 11 seconds the comparative number of surface 
colonies was greatly reduced, but those in the depths were 
unaffected. After an exposure of 2 hours and under the 
same conditions, the deep colonies were still unaffected. 








* The Physical Factors in Phototherapy. By J. E. Bernard and 
H. D. R. Morgan. British Medical Journal, Nov. 14, 1903. 
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Again a portion of the human skin, in one instance the cor- 
tical layer, in another the subcutaneous cellular tissue, was 
stretched over the quartz disc of the apparatus covering it 
entirely. An active culture of bacillus coli communis was 


then placed by means of a sterilized brush, upon an agar | 
_plate; this in turn was placed so that the light from the arc 


fell directly upon it after passing through the cooling cham- 
her and the human’skin. After a. 2 hours expostire no 
effect was produced on the bacilli, as on incubating the 
plate at 37°C. for 24 hours, the resulting growth was 
found to be equally vigorous over the entire surface of the 
plate. 

The experiment was repeated both with a living and 
with a dead frog’s foot, and with equally negative results. 
The light passing at the side of the frog’s foot produced a 
destruction of almost all the surface bacilli, while those pro- 
tected by the semi-transparent webbing of the foot grew 
normally. (See Fig. 4.) The reason why all the colonies on 
the surface of the agar are not destroyed even where the 
undisturbed light falls upon them is still undetermined. It 
is perhaps possible that some few of the organisms during 
the process of inoculation have been introduced under the 
stirface, and not being strictly superficial, are protected by 
an overlying absorbent film of agar. 

From these experiments they were led to the conclusion 
that the bactericidal rays being non-penetrative, the thera- 
peutic effect of light might possibly be due to the reaction 
produced in the tissues by the light rather than by the direct 
bactericidal action of the rays themselves. 

A series of experiments were then made to differentiate, 
if possible, between the frequencies which are bactercidal 
and the frequencies of vibration which excite a reaction in 
living tissue. In this at the time of their report they had 
only been partially successful. 

Tn order to discover the most active bactericidal rays, a 
continuous-current hand-fed arc was used, and the spectrum, 
as transmitted by a spectroscope with quartz lenses and 
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prisms, was allowed to fall on superficially inoculated 
plates. A subsidiary quartz lens of 18-inch focus was used 
to project the image of the arc on the slit of the spectro- 
scope, thus obtaining the spectrum of carbon in the 
same manner as for photography, the superficially inocu- 
lated bacterial plate being used instead of a photographic 
plate. 

It was found that the bactericidal effect was entirely 
confined to the ultra-violet portion, as shown in Fig. g, 
The line shown at V is where the ultimate edge of the visible 
violet fell, the red in the spectrum falling at the extreme 
edge of the plate. The bactericidal lines are seen to begin 
at 2.5 cm. from the edge of the visible violet, and to extend 
from that point for 1.8 cm. into the ultra-violet. The photo- 
graph of the plate showed that the ultra-violet extended 1.5 
cm. beyond this. No effect whatever was obtained with any 
other portion of the spectrum after 2 hours’ exposure, and 
with the slit of the spectroscope open to an extent that would 
have been regarded as inadmissible in photography. The 
active bactericidal radiations have thus been accurately de- 
termined and lie in that portion of the spectrum between 4 = 
(wave lengths) 3,287 and 2,265, or in about the middle third 
of the ultra-violet region as seen in a photograph of the 
spectrum of carbon. Neither the extreme ultra-violet nor 
those nearest to the visible violet region appeared to be active. 
The affected portion of the bactericidal plates corresponded 
to a photograph taken of this portion of the spectrum, and it 
was possible to identify the nearly sterile lines on the plate 


with those known to exist in the ultra-violet spectrum of. 


carbon. 

The conclusion is, therefore, reached that relatively the 
action of the other portions of the spectrum is negligible 
with the activity of this portion, although when using white 
light it is possible that there is a slight action extending 
over the whole spectrum. This conclusion affords, then, a 
physical basis for similarity of therapeutic effect from widely 
different adjustments of arc-light mechanisms, giving good 
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Fig. 5.—Plate showing effect of ultra-violet rays upon grow 
feces V, ultimate edge of visible violet rays, to the right of 
which is the visible spectrum, and to the left the ultra-violet. 
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; £ the use of mechanisms arranged to give the maximum of the 

! 7 J visible and invisible ultra-violet frequencies. | 

A third series of experiments was then made to deter- iit 

mine which rays were active in exciting reaction on the part | ; i . 

] | of the tissues. ‘These, while suggestive, are not yet re-° » it 

garded as conclusive. : it 

The shaved skin of a rabbit, anesthetized to secure abso- 

lute quiet, was subjected to the spectrum, with the same spec- 

— troscopic arrangement as before, and no effect whatever was 

\- produced after an exposure of two and three-quarter hours, 
ae : a with a. current of 25 ampéres. Guinea-pigs, white rats, | 

7 . | frogs, and even a human arm were similarly, subjected to | 

| the same spectrum, but with absolutely no evidence of tissue | q 

| 

| 
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values in white light, but at the same time it substantiates Se | 
; it 

i 

| 


reaction whatever. 

An additional experiment seemed to show that the rays 

5 , exciting this reaction exist somewhere in the ultra-violet 

so j region. A rabbit shaven on both sides of its body was sub- : 
jected to the action of the light 25 ampéres of current) pass- | 
q ing through the water-circulating apparatus. Contact was 
made with the quartz disc on one side for 5 minutes. Then | 

the other side was exposed in the same fashion, save that a | | 





sheet of glass was inserted between the water-cooling ap- 
paratus and the skin. The second exposure lasted an hour : } 
and was made with a current of 25 ampéres. On the fol- : 
q lowing morning, on the side exposed to the rays through | 
a glass for an hour, absolutely no effect had been produced 
f on the skin, while on the side exposed but 5 minutes 
through quartz, and without the intervention of glass there 
. was a well-marked redness. 
i This, the author has clearly substantiated in the thera- 
peutic uses of apparatus arranged with (1) glass plates or 
i discs, (2) quartz discs, and also in experiments made upon 
B. culture plates, the bactericidal effect being active with the 
1) quartz, absent with the glass. The well-known transparency 
+ of quartz to the extremely short and high frequencies, ultra- 
violet, and their loss or absorption upon the interposition of 
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glass, accounts for the results obtained both experimentally 
and therapeutically. : : 
All rays of the spectrum, save the greater part of the 


ultra-violet, readily penetrate glass, and any effect obtained 


with apparatus containing lenses or globes of glass is evi- 
dently due to the feeble penetration of a few of the fre- 
quencies on the extreme edge of the violet as it merges into 
the ultra-violet region. ‘To obtain the maximum effect of 
ultra-violet frequencies when combined with blue-violet is 


to secure the maximum result in the treatment of such path- 


ologies as lupus vulgaris, as has been done by Finsen. 

It 1s then clearly proven that the frequencies which ex- 
cite tissue reaction are to be found in the ultra-violet re- 
gion, but it is not yet accurately determined in just what 
portion of the ultra-violet spectrum they are located. 

In view of the results obtained with the spectroscope on 
bacteria culture plates Bernard and Morgan made experi- 


ments additionally with the spectra of various metals, such 


as iron, cadmium, silver and aluminum. The results agreed 
entirely with those obtained from the carbon spectra, save 
that the bacterial action was intensified in proportion to the 
number and intensity of the lines or frequencies in the bac- 


tericidal region of the spectrum. From the number of the 


lines in the spectrum of iron it was concluded that an elec- 
trode composed entirely or partly of iron should be found 
more actively bactericidal than a carbon one. This proved 
to be the case. The form of electrode found to be most 


convenient in these experiments was that in which, in the _ 
case of the positive electrode, the soft carbon core was re-_ 


moved and in its place was substituted a mixture consisting 
of the particular metal it was desired to use, with sufficient 
carbon in the form of sugar to prevent the core from drop- 
ping out when in use. The negative electrode was un- 
changed. The respective electrodes were then fitted into 
the arc lamp, and the bactericidal power tested on a hang- 
ing drop specimen of bacillus coli communis. The slide on 
which the hanging drop cover slip was placed was com- 
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posed of quartz, in order that the ultra-violet frequencies 
might be intercepted as little as possible. The hanging drop 
thus mounted was placed on the water-circulating apparatus, 
the light from the arc being projected from below upwards 
on to the hanging drop. In making these various electrodes 


in the arc lamp, it was found that the time required to de- 


stroy the bacilli, with, in each case, a current of I1 amperes, 


-at a distance of 10 cm. from the arc varied as follows: 


O©rditiary..CanbOnSrwace ais aennteulencaee teers 30 minutes. 
Carbons. charged ‘with: silver. .7.465 veo... 202205 
Garbonsi SSSI ROM Men ee tree eters LS. cu 
Garbonus7 Soe CAG Uline at aes oe Roses, 
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Carbons 


To ascertain whether the bacilli were killed or not the 
hanging drop was examined from time to time under the 
microscope. When all the motility had ceased, the cover 
slip with the hanging drop upon it was dropped into a tube 
of peptone beef broth. This tube was then incubated at a 
temperature of 37°C. for some days to see if any growth 
resulted. 

From the table above it will be seen that carbon elec- 
trodes charged with iron and cadmium have twice the bac- 
tericidal effect of ordinary carbons; and the cadmium car- 
bons seem to be preferable to the iron ones, as they burn 
more steadily in the arc lamp. There is a good deal of evi- 
dence pointing to a bactericidal power on the part of the 
blue and violet frequencies, almost equal to the ultra-violet, 
but these spectroscopic experiments, as well as the following, 
indicate that such is not the case. 

An ordinary glass slide was used, though the light from 
the arc was passed after having been cooled by transmission 
through a water-circulating apparatus. The electrodes 
used were charged with cadmium. Although the motility 
of the bacilli was stopped after an exposure of 55 
minutes, they were not killed even after an exposure of an 
hour and 20 minutes, that is, in a period five times (a 
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little more than five times—15 minutes against 80) longer 


than was necessary to kill the organism when the quartz . 


slide was used. This shows that the visible chemical 


frequencies, the blue, indigo, and violet, which readily pass 


through the glass are not bactericidal under these conditions, 
or only slightly so. The glass intercepted the ultra-violet 
frequencies, preventing, therefore, their bactericidal power. 
Comparison was also made between the results obtained 
with the hanging drop culture, as just described, and those 
obtained from superficially inoculated agar plates, under the 
same conditions, and it was found that although half an 
hour was required to kill the bacillus coli communis in the 
hanging drop exposed to the light, the same result was ob- 


tained on an agar plate in 5 minutes. Or, in other words, 


six times as long is required to destroy the bacilli when they 
are suspended in a fluid medium. 

This observation led to still another experiment, viz., to 
determine what proportion of the bactericidal frequencies 
is absorbed by the thickness of water they have to traverse 
in the water-circulating lamps employed therapeutically. 

To determine the influence of this factor the following 
experiment was made: ‘The water-circulating apparatus, 
as already described, consisted of a short brass tube with an 
inlet and outlet for water, the ends being closed with a quariz 


disc. The distance between the quartz discs was 2.5 cm., 


and represented the depth of water to be traversed by the 
light. An extended image of the arc was projected on to an 
agar plate, which had been superficially inoculated with tiie 
colon bacillus. The arc image was obtained by means of 
a pinhole in the metal plate interposed between the light 
source and the agar film. A projected image of the positive 
and negative poles and of the image of the arc resulted. 
They found, however, that under these conditions the loss 
of light was so considerable that a very long exposure be- 
came necessary, and, therefore, substituted for the pinhole a 
metal plate with a slit in it. The slit was less in width than 
the length of the arc itself, and was placed about 3 cm. from 
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the arc, with the direction of slit at right angles to the axis 
of the carbons. 7 

An image was thus obtained which was in reality made 
up of a number of superimposed images similar to those 
obtained with the pinhole arrangement. On the agar plate 
the image was seen as a central broad violet band, above 
which was the narrow white band of light projected from 
the negative carbon, and below the brighter white band pro- 
jected from the positive electrode. 

As heat might be a possible disturbing factor, the images 
from the electrodes were eliminated from the experiments, 
only the effects of the broad violet band from the arc itself 
being considered. 

Although they had no absorbing medium other than air 


between the arc and the agar plate, the light was almost free- 


from heat rays, any possible rise of temperature being quite 
negligible. Inoculated plates were then exposed in the first 
instance without any heat-absorbing apparatus, and subse- 
quently with a water-circulating apparatus interposed be- 
tween the slit and the inoculated agar film. 

It was found that an exposure of 5 minutes without 
the water-circulating apparatus had a- greater bactericidal 
effect at a point of incidence of the light than a 25 


minutes exposure with it. In other words, that the light 


on passing through 2.5 cm. of water lost four-fifths of its 


bactericidal power. This result they had hardly anticipated 


in view of the researches of Hartley and others, in which 
water was shown to be but slightly absorbent either to visi- 
ble or ultra-violet radiations. 

The loss of bactericidal power may, however, be attrib- 
uted to general rather than to selective absorption. The 
quartz may be regarded as negligible, as its transparency is 
well known, and they subsequently found that it transmits 
the bactericidal radiations practically. without any loss of 
absorption. It would, therefore, appear that in photo-thera- 
peutics the generally used water-cooling appliance might 
well be dispensed with if the heat could be eliminated by 
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other means, and assuming that the directly bactericidal rays 


are the only essential ones, which at present is by no means. 


certain. 

The next experiment was to determine whether, when 
using the electric arc, the effect is in any way a function of 
any particular current. It was well known that the efficiency 
of an arc as a source of light increases as the current is 
increased. The ratio of light production is approximately 
as follows, the standard in this case being an efficient type 
of oil lamp: | 

FGAIMPeLesacr ay ove 30 ES amperes. os st Sena: ELy. 
10 EN Ota, Uae tee: 75 20 SuSE tise aha: 160 

“On exposing bacterial plates in the above-inversed ratios 
we found that the.action was exactly proportionate to the 
light produced, a current 10 ampéres having approximately 
double the bactericidal effects of a current 7 ampéres and 
soon. ‘This was tested carefully up to 25 ampéres with un- 
varying results, showing that the action is exactly propor- 
. tionate to the light efficiency.” S 

While the colon bacillus was used principally, Bernard 
and Morgan also employed the following organisms with 
similar results: bacillus prodigiosus, bacillus subtilis, micro- 
coccus tetragenus, staphylococcus aureus and bacillus tuber- 
culosis. 

These experiments conclusively establish that while 
quartz transmits the bactericidal frequencies without any 
absorption, quartz used in connection with water-cooling 
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isms so arranged as to give the maximum effect. Then it ~ 
will be a question of administering the active principle of 
light energy, with the precision of drug therapy. 

This work of Bernard and Morgan, although substan- 
tiating the work of Finsen and many other observers, is the 
first to definitely locate the active bactericidal frequencies. 
It will go far toward placing the therapeutic use of light 
energy on an absolutely scientific basis, as against its some- 
what empirical use as still practised to-day. Clinical work 
points also with unerring fidelity to the need of a source of 
light energy rich in chemical frequencies, ultra-violet es- 
pecially, where it is desired to excite tissue reaction by a 
localized application. 

The question of bactericidal action is not the paramount 
one, but it is the ability of the same frequencies (ultra- 
violet) to excite intense tissue reaction upon which thera- 
peutic results depend. 

The frequencies of the red and green regions of the 
spectrum are neutral, and some observers have appeared to 
find them favorable to the growth of bacteria. All the evi- 
dence, however, places the bactericidal activity at the end 
of the spectrum most intensely chemical in its action, Wize; 
the more refrangible blue, violet and ultra-violet frequencies, 
while the most recent and only spectroscopic experiments 
exactly locate them in the middle third of the ultra-violet 
region. ; : 

Sensitization of Bacteria—As the gelatin bromide plates 





> on Now that the frequencies which excite tissue reaction are 
: so exactly located in the spectrum and the bactericidal region 
is definitely known, it will be possible to have light mechan- 


1Schlesische Gesellschaft fiir vaterlandische Kultur by Professor 
Neisser and Dr. Halberstadter, Section of Medicine, Deutsche Medi- 
cinische Wochenschrift, Feb. 18, 1904. Reviewed by Stephane Leduc, 
Archives d’électricité. 
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apparatus is much less active, as a part of the active fre- grasp the waves of short and high frequency wy 
quencies are absorbed by the water. The best therapeutic space is filled by the millions and hold tacit energy fast, . 
effect has been obtained by the author from using the particles of silver, so recent investigators have endeavorec 
source of light; (1) in general conditions all the radiant § to utilize the energy of longer and slower Weve lengths, 
energies of the arc, (2) in local lesions direct from the arc F green, yellow, and even red, by rendering the ol ae 
| through a compressing lens of quartz only, without the in- F- sitive with suitable substances just as is the bromide plate. 
| tervention of water. ia All accumulated evidence shows that the bactericidal ire- 
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quencies and those exciting tissue reaction, 1.e., blue, violet 
and ultra-violet, or the most retrangible of the spectrum; 
possess the least penetrative power, while the less refrangible 
frequencies, green, yellow and red, have the greatest pene- 
trative power. 

The question arose in the mind of Dreyer," of Copen- 
hagen, as to whether living tissue does not comport itself 
as does a photographic plate, and if the same substances 
used for the latter will not act upon the former and render 
them sensitive to the green, yellow and red frequencies of 
the spectrum. : 

The following experiments were made by Dreyer: cul-, 
tures of prodigiosus, and also of the infusoria nassulo were 
placed in a small quartz chamber, cooled by a circulation of 
water, the liquid was sensitized by a 1/ 5000 solution of 
erythrosin, which by itself is without any action upon 
infusoria or bacteria. The concentrated light of a 30 
ampere arc at 50 volts pressure through a quartz filter was 
utilized. To study the action of the different frequencies of 
the spectrum, he filtered the light successively through glass, 
solution of sulphate of nickel, of chromate of potassium, and 
of bichromate of potassium. The results are contained in 
the following table: 








el 


Time after which are dead 


Filter Rays acting Infusoria Bacteria 
se Normal est: Normal 
Quartz . . .|/The whole spec- 
trum including 
the ultra-violet .| 10” 100" 60" 80" 
Glass... ... |The visible spec- 
CRU sae as ae LOe, 9! 10’ IO’ 
Sulphate of/Red, orange, yel- 
nickel, 59% .| low, green and 
We See ee ebroe 13’ To’ 10’ 
Chromate of/Red, orange, yel- More 
potassium .| low, and green .| 10" 70. 15" than 4 
; : hours 
_Bichromate of/Red, orange, yel- More 
potassium: <3) lows440,0 0s 2 sro. TIO’ 25/ than 9 
hours 
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‘Mitteilungen aus Finsen’s Med. Lichtinstitut—1904, Heft VII. 
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The action of the less refrangible frequencies of the 
spectrum upon sensitized infusoria and bacteria is very strik- 
ingly shown by the results of Dreyer’s experiments. 

A 30-minute exposure of a culture of prodigiosus to 
the quartz spectrum of a lamp 26 amperes, the non-sensitized 
bacteria were only killed in the ultra-violet ; while in the cul- 
tures sensitized by erythrosin death is produced by the 
orange and yellow frequencies also. These have been 
rendered equally active with the ultra-violet by reason of the 
erythrosin solution in which the cultures were placed, and 
which has served to store the energy of the orange and 
yellow frequencies. In the doing of this a chemical action 


takes place just as with the silver of the bromide plate in . 


photography, an action which is disastrous to the integrity 
of the micro-organisms. Dreyer found that the animal tis- 
sues were also capable of being rendered sensitive to the 
action of the orange and yellow frequencies. This he estab- 


lished experimentally upon tadpoles, rabbits, and upon the > 


human skin. With concentrated light acting through 1.25 
mm. of skin Dreyer was able to kill in 32 seconds sensitized 
infusoria; but when non-sensitized under the same condi- 
tions death only ensued after 60 minutes. 

Sensitized bacteria treated in the same manner died after 
20 minutes, while the non-sensitized were still alive after 11 
hours. 3 7 


Thus it is shown experimentally that both bacteria and | 


the tissues can by being covered with suitable media be 
rendered as sensitive to the longer, slower, less refrangible 
and more penetrating frequencies as they are to the very 
little penetrating frequencies of the ultra-violet. This action, 
according to Leduc,? does not in any sense depend upon 
fluorescence; for there are sensitizing substances which are 
not fluorescent, and fluorescent substances which are not 
sensitizing. : 

There are, for example, fluorescent substances which 


“Ibid, 
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absorb energy of radiation at the same degree of erythrosin 


but they are not sensitizing—i.e., they absorb the energy of 


the more refrangible frequencies, but do not emit them at a 
lower or less refrangible degree of radiation. On the con- 
trary they fix or store the energy. This means work done 

just as surely as the impression made upon the photo a hic 
plate by the silver bromide, nor is there any eens e 
toxic material by the action of light upon the sensitized 
liquids. If such a liquid is exposed to the light first and the 
infusoria or bacteria placed therein, no lethal action follows 


Ihe experiments reported by Dr. Halberstadter confirm - 


at every point the researches of Dreyer, not only upon the 
sensitized infusoria and bacteria but upon living tissue as 
well. The direct physical action of the bactericidal Fees 
violet frequencies upon bacteria is due to their short iengths 
and high frequency, i.e., the inconceivable rates at which 
they swing to and fro in their own free paths of oscillation 
In so doing they have the power to agitate little things vaiich 
appear in their path, such as molecules. By the profound 
agitation to which the bacteria are subjected by these fre- 
quencies, the death of the germ is assumed to result. It seems 
very probable that by this agitation they are worried ver 

much in the same fashion as the small animal, mouse ae o 


_, 1s when shaken to death by a dog or cat. This physical agi- 


eee : 
tion in turn gives rise to a chemical process which insures 


the death of the bacteria. 


Mechanical Agitation Destructive to Germs.—Mechani- 
cal agitation of germs is destructive to them. The Lancet! 
cites an instance where bacterial cultures were allowed to 
stand in the engine room of a large manufactory where there 
were incessant vibrations from the strokes of the engine 
After four days the germs were destroyed and did no! 
appear when the water was set in a quiet place. It is re- 
ported that Dr. S. J. Meltzer? has demonstrated that inces- 


sant vibrations of the stroke of an engine and violent shocks 


“London Lancet, Feb., 100 
“The Sun, Feb. 14, tea - 
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are destructive of germ life. He found that the number of © 
germs in the agitated fluid in no instance amounted to as 
much as one-tenth of those in the unshaken samples. It was 
also observed that the restriction in production increased 
with the duration of the treatment and that when thé treat- 
ment was applied for a sufficient length of time the liquid 
could be freed from bacilli. The complete annihilation of the 
germs was accomplished in 10 hours of agitation, when 
sterilized glass beads were added to the culture. 
Different organisms were found to have different degrees 
of resistance, so that it was possible to eliminate them suc- 
cessively from a solution by regulating the shaking process. 
The cells thus split up did not form any visible debris, but 
resolved themselves into a fine powder, which offered no dis- 
tinguishing features under the microscope. Because of this 
it was concluded that there was in no sense a mechanical 
disruption of the cell, but that the effect was due to a chemi- 
caleaction:-< | | 7 

From the physical point of view, the energy of oscillating 
light corpuscles is given up in the non-thermal mechanical 
agitation to the molecules, and this in partly atomic agita- 
tion or chemical change and the rest in heat or vibrations of 
the molecule; now if the molecular structure of the bacilli is 
unduly agitated by the swing of the oscillating light corpus- 
cles, the ultra-violet frequencies, the energy given up to them 
must be of such a nature as to result in atomic agitation or 
chemical change which involves the giving up of their con- 
tained oxygen, so necessary to continued vitality. 

In the living tissue while a direct lethal effect cannot be 
produced upon them by reason of their environment the 
atomic agitation would undoubtedly interfere with their 
vitality, and by reason of a chemical change. It would seem 
from experimental data and clinical observation that the 
same frequencies of light energy which unduly agitate bacilli, 
act as a physiological stimulus to the red blood corpuscles, 
increasing their oxygen-carrying capacity and therefore the 
oxidative processes of the entire organism. A certain vibra- 
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tional activity is necessary to life, still another to the mainte- 
nance of health, while a third or greater degree is destructive 


of life. For example, in the phenomenon of heat we have a 


vibrational activity—a mode of motion, and yet “a few de- 
grees change in temperattire either way will end the evanes- 
cent, fleeting, unstable and feeble thing or entity—life which 
was the last to appear in the midst of the stupendous cosmic 
war of matter and energy, and will be the first to vanish.’ 
And the concentrated vibrational activity of the ultra-violet 
end of the spectrum, while borne in therapeutic doses by the 
higher organism, is fatal to the life of the lower. 

This destructive action of light energy upon micro- 


organisms is assumed to be (1) on the plasma of the bacteria — 


. directly and (2) at the same time to be indirectly injurious 
to the nutritive basis, by producing a photo-chemical change. 
In other words there has been expended an energy, capable 
of establishing chemical change, which influences not only 
the nutritive basis, but also normal physiological action, all 
of which tends to the rendering of bacterial toxins inert and 
the removal of the detritus. 

It was observed by Kruse? that by subjecting sterile 
nutritive bases to light, complex chemical bodies (peptones) 
were formed which checked development. 

Richardson? proved that in fresh urine under the influ- 
ence of direct illumination, peroxide of hydrogen is formed, 
which is decomposed by the bacteria, the latter being killed 
by the liberated oxygen. Dieudonne showed that through 
the chemical action of light upon water, peroxide of hydro- 
gen is formed, most freely in the upper layers. As is well 
known, this compound is strongly antiseptic. 

Bactericidal action is very largely diminished under ex- 
posure to light when oxygen is excluded, as evidenced by the 
experiments of Dieudonne, Tizzoni and Cattani.® 


“Larkin: Radiant Energy. 
sod Radiotherapy. 
rc Exper. Pathologie und Ph k 
pea also rceen g armakologie, Vol. HONS 
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The explanation of this lies in the fact that peroxide of 
hydrogen cannot be formed under these conditions. 

The most important factor in the human organism 
the author believes is to be found in the effect of the light 
energy upon the nutritive bases of bactericidal erowths 
pari passu with its physiological action upon the entire 
blood stream. This action is characterized by an increase 
in the amount of oxygen, which experimental data shows 
to be so prejudicial to the well being of micro-organ- 
isms. Gon a | 
Outside of the living organism there is a direct injury 
to the protoplasm. Dried spores from all nutritive material, 
as both Ward and Kruse have shown, are killed by sun- 
light. 

The movement of bactedas is also influenced by the action 
of light as well as their development and growth, both ot 
which are checked. 

Winogradsky* and Beijerinck* fokad that sulphur bac- 
teria and the chromogenic bacteria always collect at the 
lightest spot, and they are thus positively phototaxic. This 
action is considered more at length under the action of light 
energy upon the elementary forms of light. 

It is not only a generally accepted fact that light lessens 
the receptivity of an organism to living bacteria and to 
bacterial poisons, but the subject has been investigated ex- 
perimentally demonstrating its truth by Rone atin, Geb- 
hard and Jousset. 

Baeder,? who investigated this point with great care, 
considered it an open question. 

Summary.—(1) Light energy is then not only a bac- 
tericidal agent of considerable power, but (2) the action 1s 
due to the more intensely chemical frequencies blue, indigo, 
violet and ultra-violet ; while (3) there is no bacterial species 
which can resist the power of light if the light be intense 


Zur Morphologie und Physiologie der Schwefelbakterien. 


Quoted by Freund. 

2Centralblatt f. Bakteriologie, Vol. XIV., p. 844. Quoted. by 
Freund. . 
*Quoted by Freund, 
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enough, sufficiently concentrated and exposed for a sufficient 
length of time. - | : 

_ From the chemical point of view the bactericidal power 
of light energy is a phenomenon of oxidation. For its suc- 
cessful action the presence of oxygen is necessary. 

The Production of Light by Micro-Organisms.—It is a 
matter of common knowledge that certain organic sub- 
stances, meat and fish, for example, especially salt-water fish, 
when the process of decomposition is first established, give 
off a more or less phosphorescent light, which is naturally 
most plainly visible in the dark. | 

Pfluger* was the first to observe that this peculiar phe- 
nomenon was an expression of the activity of micro-organ- 
isms. Since then Ludwig,? Fischer,’ Beijernick,* Katz,® 
Giard,® and others have made pure cultures, and described a 
great number of photogenic bacteria. In this connection 
Fischer pointed out that even the ignis fatuus is to be ex- 
plained as a bacterial phenomenon.’ 

The intensity of the light given out by the different bac- 
teria varies greatly: the color also may differ, being white, 
bluish or greenish. Fischer found upon spectroscopic ex- 
amination, in the case of one bacterial species, a continuous 
spectrum from the D-line to slightly beyond the G-line with a 
maximum intensity between G and F. The strength and 
extent of the ignis fatuus in tropical waters is a matter of 
- common observation and description. The phosphorescence 
of micro-organisms may be so great as to permit of telling 
the time of day; while photographs of cultures have been 
taken by the light produced by themselves. 


*Pfliiger’s Archives f. d. Gesamte Physiologie, Bd. X., s. 275 und 
Bd: OE S222 

*Zeitschr. £. Mikroskopie, I. 

*Zeitschr. f. Hygiene u. Infektionskrankh., II. Centralblatt f. 
Bakteriologie, ITI. 

“Ref. in Koch’s Jahresber. 1890, s. 180. 

*Centralblatt fiiz Bakteriologie, IX. 

*Ref. in Centraiblatt f. Bakteriologie, VI. 

‘These lights can, however, also be produced by cther photo- 
genic organisms, for example, by Peridinia. 
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Bacterial Lamps.—In this connection it cannot fail to in- 
terest the reader to quote from Molisch’st communication to 
the Vienna Academy of Sciences in reference to the photo- 


graphic and illuminating power of micro-organisms in which 


he said he had been able to photograph phosphorescent cul- 
tures of bacteria after an exposure of 5 minutes, by their 
own light. In order to photograph other objects by means 
of this bacterial light, he constructed a special bacterial lamp. 
This consists of a large flask, whose interior is lined with 
salt-peptone-gelatin, previously inoculated with bacteria. 
On the second day following the inoculation the lamps begin 
to glow with a beautiful bluish-green light, due to the phos- 
phorescent colonies growing within. These living lamps 
have the property of shining with undiminished intensity tor 
two or three weeks, and then gradually diminishing in 
strength. Their light is sufficient to permit one to recog- 
nize the face of a person standing two yards away, to tell 
the time, to read a thermometer, or even large-size print. 
In view of the freedom from danger of such a cold light, 
its use in mining operations or in powder magazines may 
become of importance. Organic light, particularly the rays 
emanating from glowing insects, such as the so-called clow- 
worm, has been made the subject of many investigations, 
and it was even asserted that this light has the properties 
of the Roentgen rays. Molisch, however, proved this view 
to be erroneous, as bacterial light acts just like ordinary 
light. 

The Free Access of Oxygen Necessary for the Phos- 
phorescence of Bacteria.—-Of first importance among the 
necessary conditions for bacterial phosphorescence 1s the free 
access of oxygen. If the culture be in a solid medium only 
the upper layers are illuminated while.a fluid medium on the 
contrary by shaking with air may be made luminous through- 
out its whole extent. 


1The N. Y. Sun, March 15, 1903,-and the International Med. 
Magazine, Oct., 1903. 
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The Infiuence of Temperature in the Phosphorescence of 
Bacteria.—This phosphorescence is influenced by the sur- 
rounding temperature. If very high or very low the fluores- 
cence is prevented, even though the bacteria continue to live. 
The limits within which they live are wide, but dependent 
amongst other things upon the temperature. 

Forster* found that a pure culture of a salt-water bacte- 
rium retained its power of light production and reproduc- 
tion at 0°. Tollhausen? succeeded in reducing a culture of 
photogenic bacteria to —12° without ie complete cessation 
of phosphorescence. 

The Necessity for the Peeaa ae of NaCl to Insure Phos: 
phorescence of Bacteria.—It has been shown by various ex- 
perimenters, that all the light-giving bacteria require quite 
a high percentage of NaCl in the culture medium in order 
to be able to produce light. The water of the sea is, there- 
fore, particularly suitable for the preparation of the different 
media. : : 

Two theories have been adduced with regard to the light 
production of bacteria: | 

1, Ihe production of light is a direct function of living 
protoplasm, and, therefore, just as inseparable from it as 
heat production. 

2. The living cell produces and gives off a substance 
(photogen), which outside the cell is luminous. 

Dubois*® claims to have found such a photogen even in 
crystalline form, and Ludwig? asserts that, in the case of 
the micrococcus pfluegeri, it is not the colonies themselves 
but the products of metabolism, which give off light. All 
other researches with regard to photogen have led to nega- 
tive results, and the theory mentioned under 2 can, there- 


fore, not be considered as proven. 


In general it may be said that light has no effect upon 





*Centralbl. f. Bakteriologie, II. s. 337. 

“Untersuchungen uber Bakt. phosphorescens Fischer, Diss. 
Wurzburg, 1880. 

“Comptes Rendus de l’Academie des Sciences, Bd. CVIL., Ss. 502. 
{angie f. Bakteriologie, Bd: II., s. 4o. 
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the phosphorescing power of bacteria, only Dubois’ men- 

tions a diminution in light production in bacteria that have 
been exposed to light for several days. The fact that the 
ignis fatuus can take on such extreme forms in the tropics, 

even when the sky is cloudless for days, would indicate that 
at least one form of light-producing bacteria possesses a com- 
paratively great resistance to sunlight. A study of the ac- 
tion of concentrated electric light on these forms would be 
interesting. 

The Action of Light on Vaccine, on Bacteria, Toxins, 
Enzymes, etc—Finsen and Dreyer? have experimentally 
shown that light, and especially the ultra-violet rays, can 
weaken or destroy smallpox vaccine. The vaccine was 
placed in drops on plates of rock crystal and exposed to 


- concentrated light from an electric are light of 25 amperes, 


50 volts; the action of the heat was hindered by sprinkling 
with cold water, and the results were found by vaccinating 
children with it thereafter. An exposure to light lasting 
more than 10 seconds showed plainly a loss of strength in 
the vaccine, while an exposure of about 200 seconds was 
required to render the vaccine incapable of prod@wcing pus- 
tules. A prodigiosus culture was devitalized by the same 
illumination inside of 40 seconds. With illumination through 
blue or clear glass, which kept back the ultra- violet rays, the 
destruction of the vaccine was accomplished only after 15-20 
minutes. 

On the toxins of bacteria and all enzymes, which so far 
have been examined in this respect, light exerts a very de- 
structive action. i 

Tizzoni and Cattani® found that long-continued action 
of sunlight not only is able to destroy the tetanus bacillus, 
but also to render inert the tetanus toxins. This destruc- 
tion took place most rapidly, when there was access to the 
oxygen of the air. These experiments were verified by those 


“BOccit: 
2Mitteilungen aus Finsen’s Med. Lichtinstitut, 1903, Heft III. 


- 8Archives f. Exper. Pathologie, 1890, XX VII. 
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of Fermis and Cellis,* according to which the tetanus poison 


completely loses its toxic action after exposure to sunlight. 


for several days. Later experiments showed a similar con- 
duct with regard to the toxins of other bacteria. 

With regard to enzymes, Downes and Blunt,? who also 
included this subject in their extensive and admirable re- 
searches, found that invertin was destroyed in oe SO 
that it lost its power to convert cane sugar. 

Green’ has shown by unusually delicate experiments the 
- destructive action of light on the diastatic enzymes occurring 
in the leaves of plants. This action is derived from the 
ultra-violet rays, while the blue, and especially the red rays, 
possess a favorable action, in so far as they are able to con- 
vert the zymogen of the diastase into an active form. 

Schmidt-Nielsen* undertook lately in the above-men- 
tioned laboratory a series of experiments with regard to the 
action of light on chymosin (rennet). He exposed: it to 
light in small chambers whose walls consisted of quartz, and 
used as a standard of measurement (for the action of the 
light) the time required by 0.1 cm.* enzyme solution to 
coagulate Io cm.* milk at a temperature of 37°. Non-con- 
centrated electric light and sunlight had very little influence 
on the chymosin, while a very short exposure to concen- 
trated electric light lengthened the coagulation time quite 
materially. The action was ascribed to the ultra-violet 
rays, and the insertion of a piece of clear glass was suffi- 
cient to prevent-this action. When the chymosin, after il- 
lumination, was kept in the dark an after effect was plainly 
noticed after one day. 

An attempt to make the enzyme sensitive to the rays 
which can be seen, by the addition of a sensitizer (erythro- 
sin) gave negative results. As above mentioned, however, 


‘Ref. in Centralbl. f. Bakteriologie, 1892, XII., No. 18. 

“Proceedings of the Royal Society of London, Vol XXVITE 
S. 205. 

“Philosophical Transactions of the Royal Society of London, 
1897, Vol. CLXXXVIIL., s. 167-190. 

“Mitteilungen aus Finsen’ s Med. Lichtinstitut, 1904, Heft IX. 
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Tappeiner? showed. that enzymes as well as toxins can be 
sensitized? by the use of eosin and magdala red. 

On the chymosinogen—the zymogen or proenzyme of 
chymosin—the ultra-violet waves exerted a deleterious ac- 
tion similar to that on rennet, and contrary to Green’s above- 
mentioned experiment Schmidt-Nielsen found that the red 
rays did not possess any active influence. Ordinary blood 
serum has the power of preventing the activity of enzymes, 
the active substance here—antichymosin—is also weakened 
by the action of light. | 

The Action of Light Energy upon Hygiene and Sanita- 
tion—From this array of evidence a practical deduction is 
to be made, viz., the influence of light in hygiene and sanita- 
tion. It is a perfectly well-known fact but not one that is 
lived up to even by the profession. The author would recall 
the experiment of Momont with the blotting paper saturated 
with charbon blood, the experiment of von Esmarch as to 
the extent of the action of light energy in destroying micro- 


organisms contained in bedclothing, of the purification of | 


water by light energy, of the action of the electric arc upon 
noxious odors, to emphasize the need of the energy of light 
to keep our houses and hospitals pure. Disease will not 
breed in houses flooded with sunlight and air. The action 
of the sunlight is to destroy millions of morbific germs daily, 
not only in the air and on the surface of the soil but also in 
the water of streams. The latter has been shown by the 
experiments of Buchner, Praunitz* and Procaccini.* 


The habit of keeping the window shades down, a very. 


common practice even in the absence of direct sun glare on 
the window, is in direct opposition to fundamental physio- 
logical principles. Sunlight is not only purifying to our 
atmospheric environment, in its destructive action upon 
micro-organisms, thereby preventing disease, but it has a 


‘Berichte d. d. Chem. Gesellschaft, 1903, Bd: DeXeeV I... S5 3035; 


*See Sensitization, Chapter 
‘Influence des égouts de Munich sur l’Isar, Munich, 18809. 


‘Influence de la lumiére solaire sur les eaux d’ égouts. Annalé 


de l’Institut d’Igaine sperimentale, t. JII., 1893. 
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still more deep and intimate human relation of a sanitary 
nature, for an abundance of light energy is a necessary condi- 
tion of mental and bodily well-being. The recognition of its 
tonic psychical power is universal; the practical application 
not always made. In all properly organized peoples there is 
a love of light, and a fear of darkness is not confined to 
children. The sense of powerlessness, danger and alarm 
which the latter induces is shown by adults as well. Light 
energy is essential for all the purposes of life, for the supply 
of oxygen upon which existence depends. It is a universal 
stimulus. When it falls upon the eye there are established 
functional activities in the brain which are associated with 
intellectual and emotional states. That the blue frequencies 
exercise a depressing effect and the red an exciting effect 
upon the brain seems well established ; but in this connection 
it is neither the one nor the other which is considered but a 
complex of all the frequencies, heaven’s own mixture the 
white light, that envelops us with its all-pervading energy, 
which is the normal psychical atmosphere. Variations in its 
intensity have in all probability widely different constitu- 
tional effects. But although the quality and intensity of light 
energy demanded by the individual living organism may 
vary, the need for it and dependence upon it is imperative 
for all. | 

The influence of solar light as a disinfectant is chiefly 
upon the surface of translucent or opaque bodies. Any 
medium which, cuts off the chemical frequencies from the 
blue into the ultra-violet region, as glass, dust and fog, as 
well as a clouded atmosphere, prevents this disinfectant 
process, so necessary to perfect hygiene and _ sanitation. 
Consecutive days of rain, mist and fog give an opportunity 
for the growth and development of pathogenic organisms. 
They usually are followed by epidemics more or less severe 
of the diseases dependent upon the activity of these germs. 

Houses that are closed for several months in the year 
should be left with the shades all up and curtains looped 
back, in order that the sunlight may penetrate every nook 
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and corner. In this way the growth of germs inimical to 
health will be prevented. And not only when they are 
closed but when occupied they should be flooded with sun- 
light. For this reason, heavy curtains which obstruct the 
ingress. of the sun’s rays are pernicious in the extreme. 
They not only exclude the light, but they readily become 
saturated, so to speak, with germ-laden particles of dust, and 
it remains only for the occupants of the house to become a 
little worn, tired, aneemic, from over care and anxiety, or in 
women from an exhausting menstrual flow, for these germs 
to find a fit lodging within the tissues and to actively 
develop. 

By the action of those frequencies which penetrate and 
are absorbed, physically, there is established a synchronous 
vibration with oxygen molecules, which results in an impar- 
tation of energy and an increased oxidative power. 

Thus the chemical activities of light serve in hygiene, 
sanitation, and also in disease: In the one instance to main- 
tain health, in the other to disinfect or destroy pathogenic 
organisms, and in the latter to check the inroads of disease 
by increasing not only the red blood supply but the white 
as well and the functional activity of the entire organism. 








CHAPTER Val; 


The Action of Light Energy upon the Higher Organisms. 


Introduction.—There is in animals as in plants a stimu- 
lating influence on the functions of tissue elements and 
organs by the action of light. The impartation of energy to 
the living organism is transferred into a stimulus by which 
all the vital processes are quickened and heightened. There 
is produced by this stimulus of light either a direct influence 
upon the irradiated protoplasmic cells, or there is brought 
about indirectly, through the sense organs and nerves, cer- 
tain functions on the part of given organs. 

The Influence of Light upon the Development of Ani- 
mals and Man.—The development of many animals is de- 
pendent on light and without it development proceeds slowly 
or is suspended altogether. It was observed by William 
Edwards? that frog spawn in an opaque glass died, while 
spawn in a transparent glass became duly developed. 

Tadpoles develop more slowly in the dark than in the 
light. Schnetzler’s? experiments prove that white light is 
more favorable to such development than green. 

The degree of development of animal organisms is influ- 
enced differently by the different frequencies of the spec- 


trum. 


"De l’influence des agents physique sur la vie, Paris, 1824. 
“Archives des Sc. Physiques et Naturelles, 1874, Vol. LI. 
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It was Se by E. Yung? that violet light helped 
on the development of the embryo of rana, salmo, and 
lymema, which was hindered or disturbed by other parts of 
the spectrum or by darkness. ; 

Beclard? observed that flies’ eggs develop more quickly 
under blue and violet glass than under red, yellow, green 
or white. 

Guarinoni* from his experiments believes that violet light 
acts more favorably on silkworms; while Goodnew noticed 
that maggots are much more quickly developed in pieces 
of meat exposed to the light than in meat kept in the dark. 
In his study on the activity of light on polypi Loeb found 
that the growth is not especially influenced by all the rays, 
but that only the more refrangible, that is, the blue rays, 
promote growth. The same effect on the other hand is pro- 
duced by red in darkness. 

Recently Leredde and Pautrier* have made a study of the — 
development of animals under the influence of the energy of 
different parts of the spectrum. As subjects of experiment, 
tadpoles of the common rana temporaria were used. The 
solar spectrum divided into two parts was used; the one 
comprising all the energy from the green, blue, indigo and 
violet, and the other the energy from the red. ‘T’wo aqua- 
ritms were constructed, one of photographer’s red glass, col- 
ored with proto-oxide of copper, and the other of blue olass 
colored in cobalt blue. Each was covered with a glass of 
the same color as the aquarium, leaving just space enough 
for oxygen renewal. Examined spectroscopically the red 
glass permitted the passage of all the rays up to the line D, 
that is to say all the red and the beginning of the orange; 
for the blue glass the violet, indigo blue and the beginning 
of the green. The tadpoles subjected to the experiment were 
caught the same day in the same pond and preserved for 


1Comp. Rend. Acad. des Sc., Vol. LXX XVII. 

Compt. Rend., 1858. 

3Quoted by J. M. Eder, Ueber die chem. Wirkungen d. farb. 
Lichtes, Vienna, 1879. aes 

‘Leredde and Pautrier, Photobiologie et Photothérapie. 
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some days in a large white bell glass. They presented no 
differences of tail, size or development. They were divided 
into three groups, one of which was placed. in the red 
aquarium, another in the blue while the third was put in the 
white bell glass to serve as a control. Other than the 
difference in the energy of radiation to which they were ex- 
posed all other conditions were exactly the same. The food 
was the same for all and was provided by the water of the 
pond, which filled the aquariums and which furnished inft- 
soria, Daphnes and Cyclops. The illumination was always 
bright, as the aquariums were either placed in the garden 
of the dermatological establishment or before the laboratory 
window. The intensity of the light employed ought to be 
considerable, as it is reduced considerably by filtration 
through the colored glass. When feeble diffused light is 
employed, it is equivalent to darkness in the centre of the 
aquaria, however thin the glass may be. : 

At the end of a month there was the greatest difference 
in the tadpoles of the red and blue aquaria. In their book, 
Leredde and Pautrier present photographic illustrations, 
showing these differences. In each of the aquaria one died. 
Of the three survivors in the red aquarium, they were all 
still in the tadpole state with their caudal membranes. One 


of them had two pairs of feet feebly developed and breathed 


by the pulmonary method, but the other two had no rudi- 
mentary members, moved themselves simply by their nuta- 
tory membrane and breathed by the bronchial method, the 
bronchi being covered by a cutaneous operculum. On the 
other hand the three tadpoles raised in the blue-violet light 
had no longer caudal membranes. They were represented 
only by a little stump in process of disappearance. Their 
two pairs of feet were completely formed and they respired 
well by the pulmonary method. The photographs showed 
these differences very clearly—on the one side there are true 
tadpoles almost analogous to fish, on the other true frogs 
almost completely adult. The experiments of Leredde and 
Pautrier were also made to show the greater activity in 
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cellular division, which alone could explain the apparent 
differences and also to measure this karyokinetic activity. 
To this end a tadpole of a urodal bactrachian, the Trito 
Cristatus, was selected. This tadpole presents a caudal mem- 
brane which is excellent for the purposes of study. Al- 
though it contains a great number of chromatophores it is 
very little pigmented and so small that if it is carefully cut 
off and skinned in the direction of its thickness it is an ex- 
cellent subject for the study of the yellow elements, conjunc- 
tival cells, capillaries in formation and epithelial cells in 
karyokinesis. 

Larve of the triton were kept for three weeks in blue 
and in red aquariums. Their caudal membranes were then 
removed and the preparations colored with hematin-eosin. 
Ihe preparations were then examined by the movable gradu- 
ated stage, as in examination of the blood, to establish the 
leucocytic equilibrium. Section by section was examined, 
counting 4,154 epidermic cells in the sections from the 
tritons raised under blue glass. In these they found 52 
figures of cellular division or a little over 1/79 of the cells in 
karyokinesis. Upon examination of the tritons raised in the 
red aquarium they counted 2,613 cells and 14 in karyo- 
kinesis, or about 1/186 of the entire number. 

Subsequent to their experiments they found that Jakimo- 
vitcht had reported similar experiments in a Russian publi- 
cation with similar results. He also observed that the larvee 
of tritons developed better in light than in darkness, and that 
the karyokinetic activity of tadpoles grown under different 
lights was-sensibly greater under violet energy than under 
the energy of all the other frequencies. He made his obser- 
vations upon the bronchi rather than the caudal membrane, 
however. | : 

The conclusion is, therefore, reached that light exercises 
an incontestable influence upon the development of the higher 
organisms, and that in the phenomena of karyokinesis the 
violet is the most active. | 


*Westnick obchestvenog hygieny, Aug., 18o0t. 
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The Influence of Light upon the Movement of Animals. - 


——There is observed among the higher organisms the phe- 
nomenon of movement under the influence of light. These 
movements are analogous, in a higher scale, to the phototac- 
tic movements of unicellular growths, studied under the in- 
fluence of light energy upon the elementary forms of light. 

The simplest manifestations of this phenomenon is in the 
lower forms of animals, where the nervous system is rudi- 
mentary. 

In this connection the experiments of Gruber, Dubois, 
Loeb and Finsen are of interest. 

Sensibility of the Cutaneous Investment of Animals to 
the Chemical Rays.—Gruber’s? experiments were made upon 
the Lumbricus or ordinary earthworms which have no eyes, 
and upon some blind salamanders to the end of removing 
the complications which would arise from the reflex move- 
ments due to the action of light on the visual organ. They 
were found to be sensitive to the presence or absence of 


light, and also to the different frequencies of the spectrum. 


They tend to flee from illuminated places and shunned com- 
pletely the areas exposed to the action of the blue-violet 
light. These animals seem capable, therefore, of distin- 
euishing between light and darkness, and of recognizing the 
rays of varying refrangibility. This phenomenon Gruber 
observed even with decapitated earthworms, and is to be 
explained by a cutaneous sensibility to the influence of light. 

Dubois? from similar experiments with proteus has 
shown that it is most active under the influence of red fre- 
quencies, least so under the influence of blue .frequencies. 
He observed this animal flees from blue-violet light to take 
refuge in the dark. 

Finsen® has carried out a number of interesting observa- 
tions as to the irritating properties of the chemical fre- 


*Versuche tiber die Helligkeits- und Farbenempfindlichkeit 
augenloser und geblendeter Thiere. Wiener Sitzungsberichte mathem. 
natur. Klasse, 1883. Bd. 87. 

*C. R. Soc. de Biologie, 1890, p. 360. 
*La Photothérapie, Paris, Naud, 1880. 
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quencies. He observed that very young salamanders lying 
at the bottom of a dish of water are not disturbed by red or 


_ yellow light, but by blue they were quickly excited to move- 


ment; the same is true of the ordinary earthworms, which 
would collect beneath the red and avoid the blue-glass com- 
partment. These were the same results as were obtained by 
Gruber and Dubois, and it would appear that various ani- 
mals can distinguish by their integuments between red and 
blue, and that while they seem to take delight in the former 
they avoid the latter. So true did he find this from his in- 
vestigations and observations that he described a specific 
photodermatic sense. The same thing is true of common 
house flies. Finsen also observed that solar light determined 
movements in the foetus of the frog and of the salamander. 
He studied these under the influence of monochromatic 
light, and found that they were exceedingly numerous under 
the influence of blue light, and very rare under that ot red, 
yellow or green light. He placed three larve of the frog 
just born in demonstration glasses. Upon exposure to the 
varying frequencies of light energy he found that most rapid 
movements were produced under the action of blue light 
energy, and that the maximum effect was only obtained at 
the end of a certain time of exposure. This is simply the 
latent period of induction to every physiologic excitant. 
Upon placing some tadpoles raised in red light in solar 
light, he observed them execute some quick movements, ~ 
while some tadpoles raised under blue light when so ex- 
posed were not excited. He also repeated the experiments 
of Gruber, placing in an oblong box covered with different 
colored glasses lumbrici, earwigs, and wood lice. These 
animals all rapidly grouped themselves under the red glass. 
This simply illustrates that these animals are naturally pho- 
tophobic, and accustomed to almost complete darkness tn 
their natural haunts, in the earth or under the rocks. 
Finsen: in another experiment showed that butterflies 
who are habituated to bright light preferably grouped them- 
selves in the blue light, presenting at the same time the move- 
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ment of beating of the wings; while under the influence of 
red light they remained in repose. 

, Auerbach’ authorizes the statement that the action of 
light energy induces powerful contractions of the protoplasm 
of frog’s spawn. Finsen, in his experiments with frog 


spawn and salamander germs, noticed that, light possessed 


to a high degree the power of inducing movements of the 
germ. ‘The blue-indigo and violet frequencies have special 
power in this way. : 

. With an increasing light energy, daphnia pulex shows 
increased precision and swiftness of motion. 

Harrington and Leaming, quoted by Freund, state that. 
red light is more favorable to the movements of amcebze 
while both the violet and white light have an feeding 
effect. : 

Ihe experiments of Parker and Burnett? also demon- 
strate the heliotropic faculty of animals as well as plants. 
This does not necessarily pertain to animals whose visual 
organs are intact but is true also of sightless animals. The 
influence which light exercises upon some animals is of 
common observation. They are irresistibly compelled by 
it, 1t possesses for them a magnetic influence, and they are 
therefore, impelled either to turn toward or away from ie 
source of light. In every suburban village in which the 
streets are lighted with the electric arc there are to be 
found hundreds of dead insects, moths, etc., about each arc. 
The attraction is so great that, like the singing of the Lore- 
lei, it impels them to their destruction. Among insects thus 
blindly attracted by artificial light is the gnat, in whose 
flame it will singe its wings and lose its life. Wedensky® 
observed that blind frogs will always turn their heads to- 
ward the source of light, placing themselves so that its rays 
may fall symmetrically on both sides of their bodies. Bert. 
observed that when frogs were placed in a box, one-half of 


ice ee page 412. 

merican Journal of Physiology, IV., 8, p. 2 
“Bull. de Acad. des Sc. a Petersburg 006 is: 
Revue Scientif., 1878, 42. = ; 
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which was illuminated and the other half dark, that they 
would always try to get to the bright part. 

With animals, as with plants, there are those which in- 
stinctively seek shady and dark places, seeming to have an 
instinctive dread of light. 

It has been shown that animals are influenced by the 
different frequencies of the spectrum, that is, they have a 
color sense. Finsen showed that earwigs, wood-lice and 
earthworms are very sensitive to the short waved frequen- 
cies—blue violet—while Gruber, whose experiments have 
been quoted, showed the same for the earthworm, even blind 
ones like the triton, being extremely sensitive to this part 
of the spectrum, seeking refuge either in darkness or in the 
long and slow waved frequencies of the red, as opportunity 
offered. The preference for blue violet by butterflies was 
experimentally shown by Finsen, and is a matter of common 
observation to the student of nature. 

It has been, therefore, very completely demonstrated 
that the shorter and higher frequencies are much more 
strongly phototaxic than the longer and slower. The latter, 
if not present to too great a degree of intensity, produce the 
same effect as darkness. The phenomena are not always 
uncomplicated. They are influenced by the supply of oxygen. 
In the presence of sufficient oxygen the stimulus of light 
energy is ineffective in Paramcecium bursaria and the ob- 
verse when the supply is insufficient. Temperature also in- 
fluences the phenomena. For example, phototaxic phe- 
nomena only appear in some instances if the temperature is 
raised at the same time. The phenomena are dependent upon 
the intensity of light, many animals reacting only to changes 
or to fluctuations in its intensity. 

Jacques Loeb! in a series of very carefully-conducted 
experiments on nearly 100 varieties of animals, in- 
cluding caterpillars, butterflies, plant lice, ants, fly larve, 


the larve of beetles, various hybrids, etc., demonstrated a 


- Der Heliotropismus der _Thiere und seine Uebereinstimmung 
mit dem Heliotropismus der Pflanzen, Wurzburg, 1890. 
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heliotropic action on the part of animals which agrees with 


and conforms to that observed by Sachs for plants. 

The following phenomena were exhibited in Loeb’s ex- 
periments when certain animals were exposed to white light 
or to blue and violet light from a single light source: (1) 


They arranged themselves with their long axis parallel with — 


the rays of light ; that is so that the rays fell at equal angles 
on symmetrical areas of the body. (2) The animals if posi- 
tively heliotropic moved in the direction of the rays until 
as near as possible to the source of light, and remained there 
as long as the light did not fall below a minimum intensity, 
even though in so doing they followed from a lighter to a 
darker place. Negatively heliotropic animals obeyed the 
same law, but moved as far as possible from the source of 
light. 3 

All factors entering into the experiments, temperature, 
oxygen supply, geotropism and contact irritability, which 
might influence the movements of the animals, were carefully 
controlled by Loeb in his work. 

His experiments covered headless animals and those 
having no associating cerebral organs, and he succeeded in 
making certain animals positively or negatively heliotropic 
at will. In this way he demonstrated that the movements 
were not due to a subjective sense or intuition, but to direct 
stimulation of the muscles by the more refrangible or the 
blue and violet frequencies. The stimulation was the greater, 
the more nearly the angle at which the fight struck the sur- 
face approached a right angle; hence, orientation of the ani- 


mal in the direction of the light took place before the move- - 


ment to or from the source of the light. 

These experiments conclusively point to a directly stimu- 
lating effect upon animal cells by the visible chemical fre- 
quencies of light, 1.e., the blue and violet. There can be no 
question but that the stimulation results from a chemical 
change. By the impingement of these frequencies upon the 
skin, penetrating as they do to considerable depth, they are 
no doubt absorbed by the blood. 
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Chemical Rays Promoters of Energy.—In conclusion 
Finsen says that ‘‘all this demonstrates the biological impor- 
tance of the chemical rays, which are veritable promoters of 
life and energy.” . 

Raphael Dubois! has shown that in the case of Proteus 


Anguineus, which lives in the grotto of Adelsberg, the entire 3 


skin possesses the property of being excited by the luminous 
rays. 

The Action of Light Energy in the Stimulation of Un- 
striped Muscular Fibre-—This has been the subject of 
research and experiment and it was shown by Arnold? and 
Steinach® that the incidence of light without heat causes 
contraction of the pupils in the excised eyes of amphibians 
and fishes. The sphincter of the iris, which narrows the 
pupil by its contraction, is composed of smooth muscular 
fibers containing a brown pigment. Even the iris of the eel 
when cut out and placed in normal saline solution contracts 
to light, the green and blue frequencies being the most 
active. This action is independent of the central nerve sys- 
tem and takes place even though the retina has been re- 
moved. The evidence points conclusively to a direct action 
upon the smooth muscular fiber, i.e., upon the cellular ele- 
ments. The importance of light as an excitant to the ner- 
yous system is not minimized by ascribing a place to the 
direct action of this agent upon cellular elements. 

Other investigators in this field are Brown-Sequard, 
Heinrich Miller,t Reinhardt and Budge. 

The phenomenon is regarded by Brown-Sequard as 
direct muscle irritation by light. For a period of 30 
hours after death Harless® observed upon human corpses 


1Sur la perception des radiations lumineuses par la peau, chez 
les Protées aveugles des grottes de Ja Carniole. C. R. Acad. des Sc., 
t: CX. 18090; pz-100. 

*Landois and Stirling. es 

’Untersuchungen zur vergleichenden Physiologie der Iris, in 
Pfluger’s Archives, Vol. LII., 1892. 

*Landois and Stirling. 

“Abhdlgn. d. bayr. Akad., 1848, v. p. 490. Quotea by Freund. 
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distinct contraction of the pupil of the eye upon exposure to 
light as compared with that of the closed eye. 


Action of Light upon the Skin of Animals—Pigmenta-. 


tion.—Under this head a series of phenomena is to be ob- 
served which should be interpreted as phenomena of defence 
against the action of light, especially against that part of the 
spectrum of such intense chemical activity. In this part of 
the spectrum is to be found a source of possible danger to the 
living organism. 

Role of Light in the Production of Pigment.—It is of 
common occurrence that animals whose skins present a 
diversity of coloring the darkest part is always the dorsal 
surface of the animal, or the part most exposed to light. In 
the horse, for example, the abdomen is often white while the 
back is brown, bay or black. In the case of flat fish but one 
surface is colored, and that which is exposed to light. Cun- 
ningham’ proved by his experiments that light was the cause 
of this pigmentation. The well-known fact that many polar 
animals have a white robe in winter and colored in summer, 
referred to in this connection by Finsen, is another manifes- 
tation of the same phenomenon. 

As showing this relation, the experiments of Packard? 
upon fauna of the caverns of America and those of Viré? 
upon the subterranean fatina of France, may be cited. Viré’s 
studies were made upon the Gammarus puteanus, which in 
the light has an intense gray-green coloration. These cavern- 
ical species when placed in catacombs or subterranean pas- 
sages were partially decolorized in the eleventh month and 
completely depigmented in the twentieth month by the fusion 
in all parts of the white points which first appeared in a 
diffuse manner upon the bodies of the animals. 

The inverse action or regeneration of the pigment was 
obtained by Viré’s experiments upon the niphargus putea- 





“Quoted by Leredde and Pautrier. 

*Tbid. 

“These, Paris, 1900, and C. R. du XIII., Congrés Internat. de 
Paris, d’ Anatomie Comparée, p. 3. 
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nus which naturally is white. Upon transportation to the 


light, these animals toward the second month presented a 


blackish-green mottling of the integument, soon deepening 
in confluent spots, resulting in uniformly coloring the animal 
a greenish brown. | ; 

Bohn! in a study of the evolution of pigment concluded 
that “in many cases the molecular constitution of pigment 
can be changed directly by the luminous waves of ditferent 
lengths.” ‘Until now, a purely alimentary origin had been 
attributed to the substances which color so variously the pig- 
ment of the caterpillar.’ 

Protective Role of Pigment against Light——Ot this 
action the chameleon is a noticeable example. Ie Vienna 
physiologist Brucke,’ 50 years since demonstrated the 
color scale through which the chameleon would pass on 
changing from light to darkness. 

The chameleon has in the depths of its integument large 
pigmented cells, or chromatophores, which are particularly 
mobile. In the dark these rest in the depths. Under the 
influence of light, the color changes from a gray to almost 
a black, illustrating their ability to migrate from the depths 
to the surface and again to the depths. 

Briicke showed that the movement of the chromato- 
phores is: dependent upon the central nervous system. Dark- 
ness acts on the skin of the chameleon as a stimulant, while 
daylight,even sunshine, reduces the pigment cells toa passive 
state. When the chameleon is brought into the sunlight it 
becomes dark by projecting the elongations of the pigment 
cells to the surface of the body. When they are taken into 
the dark the animal becomes pale in color because of the 
drawing back of the dark elongations of its pigment cells, 
so that they are covered by the light-colored pigment in the 
upper layers of the cuticle. 


1T’Evolution du pigment, Paris, Naud, 1901. 

*Leredde and Pautrier. 

‘Untersuchungen iiber den Farbenwechsel des Chameleons. 
Bericht der mathemat. Naturwissenschaftl. Klasse D. K. Akad. 


der Wissenschaft. Wien, 1852, IV. 
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Paul Bert* carried the experiment still further and ex- 
posed one-half the chameleon’s body to the red and the 
other to the blue frequencies; under the former the skin 


remained light, under the latter it changed to dark. This 


subject was also studied by Krukemberg.? 

From the varying behavior of chromatophores under 

irritation, as strychnine poisoning, rubbing with turpentine, 
strokes of a magnetic electro-motor and when paralyzed by 
cutting through the nerves, it is clear that the condition in 
which the cells extend their processes is the passive condition 
of rest, and the condition in which they draw in the proc- 
esses is the active one of irritability.2 This action of light 
_ upon the skin is local. This was demonstrated by Briicke, 
who placed a band of tinfoil around a chameleon and then 
placed the creature in the sun. There was as a result a 
light-colored strip under the tinfoil, while the rest of the 
body was dark. He further proved that this action was due 
to light—not heat. : 
It has been proven with other animals as well as the 
chameleon that this protoplasmic movement-of the chroma- 
tophores under the influence of light takes place through the 
central nervous system. 

The experiments of Ehrmann who observed in frogs the 
direct passage of nerve filaments into the pigment cells, 
made it probable that the chromatophores are connected with 
the central nerve organ’ Pouchit* demonstrated that fishes, 
turbots for example, changed color under the influence of 
light. Turbots in whom the sympathetic nerve had been 
severed became dark in that part of the body in which the 
nerves had their origin behind the incision. Blinded fishes 
became dark in color through the spreading out of the pig- 
ment cells. 

It is surmised by Briicke that there is a reflex action start- 


“Influence de la lumiére sur les étres vivants. Rev. sc. 1878, 42. 
"Quoted by Leredde and Pautrier. 

*Freund. 

“Acad. des Sc. 1871, 
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ing from the visual nerve, and that a stimulus of the 
optic nerve passes on to the central organ, a stimulus 
which causes the chromatophores to contract; so that when 
the stimulus is wanting they permanently cover a larger 
space. . 
The color of frogs and the sheaf fish is also dependent 
upon light according to Witticht and E. Du Bois Reymond.’ 
These animals were black in the dark and became light 
colored again under the influence of light. Exner drew 
attention to the movements of pigment in the eyes of insects 
as a result of light. 

The behavior of these animal organisms with regard to 
light is perfectly intelligible when it is considered that pig- 
ment is a natural protection against light. This is clearly 
shown in the study of the action of light upon the skin. The 
following hypothesis as advanced by Finsen as to the phe- 
nomena of the skin against light energy, seems rational to the 
author, viz., that the pigment formed absorbs the light rays, 
utilizing their energy in transforming them into favorable 
chemical actions. This will be considered more at length in 
the study of pigmentation of the skin. 

Action of Light upon the Vital Activity of Animals.— 
Under this group of phenomena is the action of light upon 
respiration, upon assimilation measured by loss of weight, 
and differences presented by animals raised in the light and 
in darkness from the point of view of alimentation, weight 
and blood. 

Changes of Form in the Contractile Pigment Cells.—It 
is a well-known fact that changes of light cause changes of 
form in the contractile pigment cells of many fishes, am- 
phibia and reptiles. In this way there are produced changes 
of color in the animal. For example, the black pigmented 
cell of the frog’s skin, which in the dark have widespread- 
ing ramifications, under the influence of a bright light, erad- 








*Mueller’s Archives, 1854. | 
2Untersuch. zur Naturlehre des Menschen u. der Thiere, von 


- Moleschott I. 1858, Bd. V. . 
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ually contract into little balls, making the skin appear much 
lighter in color. . 
Influence of Light upon the Respiratory Chemism.— 
From the observation upon this function in relation to light 
it was concluded by early observers that light appears to 
augment the activity of the respiratory chemism, and that 
the power so to act belongs to the chemical end of the spec- 
trum. , 2 
Differences of Weight Presented by Animals in Light 
and Darkness.—This was studied by Bidder and Schmidt, 
who, in their experiments upon a young cat, observed that 
the loss of weight was greater in the light than in darkness. 
Fubini? arrived at the same conclusion : 
Yung*® in his investigations made upon tadpoles de- 
prived of nourishment, observed that they died more 


rapidly under the influence of the chemical part of the 


spectrum than under that of any other light. From these 
experiments it appeared that the blue and violet light 
energy caused a more rapid consumption of the reserve 
material. | 

Influence of Light upon Assimilation and Disassimila- 
tion.—Borissoft’s experiments contradicted those of the 
observers which have just been quoted. 

They were made upon four young dogs of the same 
weight, same color, and for whom all the conditions of 
nourishment and aération were equal. Two of the dogs 
were placed in obscurity and two in light. 

The dogs kept in the light ate more than the others, and 
after having a less weight during the first week than that 
of dogs kept in the dark, they weighed at the end of a month 
220 grammes more than the latter. The same experiment 
repeated with rabbits gave the same result. Light then acts 


“Verdauungssafte und der Stoffwechsel. Leipzig, 1852, 317. 

“Ueber den Einfluss der Lichtes auf das Korpergewicht. der 
Thiere. Untersuchungen zur Naturlehre von Moleschott, 1876. Bd. 
XI. 5, 488. ; 

“COR, Acad: des. Scot. XXX VIE ct Arch. de Zool. expér., 
PO7O;cte Wil on | 
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as an excitant for the organism. Borissoff! admits that the 
changes under the influence of this stimulus are more 
actively effected, i.e., tissue change goes on more rapidly, 
but that at the same time the nutritive materials are accumu- 
lated and fixed with more facility. 

Action upon the Blood.—According to Borissoff, who 
examined the blood of these animals, there was no influence 
upon the formation or the number of the red blood cells or 
of the leucocytes, nor upon the rate of haemoglobin. 

The Action of Light Energy upon Blood Cells.— 
Uskoff? also made a study of the protoplasm of blood cells. 
The white corpuscles of frogs’ blood showed more and longer 
processes in red light than in violet. Under the influence 
of the red frequencies they were more spread out for the 
most part in the form of hardly visible discs. 

On the other hand Hermann? is authority for the state- 
ment that leucocytes are not sensitive to light while red cor- 
puscles show distinct changes of shape. 

It was observed by Finsen* that the red corpuscles in 
the blood of tadpoles changed shape under the influence of 
sunlight ; they contracted and became rounder. 

Hammer? is authority for the statement that there is no 
direct action of light upon the blood corpuscles, but that the 
effect is due to the establishment of a motion in certain 
nervous elements of the skin in connection with pigment 
cells by the action of the ultra-violet frequencies, and that 
secondarily this motion leads to hyperemia, inflammation 
and pigmentation. His experiments are of the greatest in- 
terest, and to the author’s mind only tend to prove that the 
action of light is primarily upon the blood itself. They 
were made on tadpoles, salamander éggs, earthworms, etc., 
for the purpose of studying not only the action of light but 


‘Quoted in Romme. Principles of Photothérapie, Presse Médi- 
cale; Septe21; Foor: 

“Centralblatt £. d. Med. Wissensch. 1879 No. 2s. 

“Quoted by Strebel, p. 6, and by Freund, Pp. 412. 

“Ueber die Bedeutung d. chem. Strahlen, Leipzig, 1870. 

*Auerbach: Centralblatt fiir die Wissenschaft, Dol Xe pT. 
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the relationship between the motility of cells and monochro- 


matic light, and demonstrated that light provoked move- 


ments in the foetus, and that this action must be attributed ° 


to the violet frequencies. | 
This effect on foetal life seems but additional proof of 
the action of these frequencies upon the blood, for no more 


intimate relationship exists between the parent and foetus 


than through the medium of the placental circulation. It 
is only necessary to recall how quickly the red blood cor- 
puscle is stimulated to increased function by the action of 
light energy to appreciate that it is not necessary to explain 
its effect on foetal life by the action upon the peripheral nerve 
endings. 

If the action is primarily upon the nervous elements of 


the skin, the same effect should be obtained in lupus vul- — 


garis and syphilitic lesions, for example, by simply directing 
the light energies upon the part, without compression. To 
secure results in these and similar conditions, however, com- 


pression is necessary, thereby securing the dehzematization - 


requisite for a direct action upon the tissues. In both the 
pathologies mentioned, the crying need is for blood rich in 
oxygenating power; in the one to combat the micro-organ- 
isms primarily, and in the other to actively increase oxida- 
tion. 

~The Action of Light Energy upon the Eye.—It is not 
only in the skin, however, that important changes are estab- 
lished by the action of light energy, but in the eye as well. 
Since the advent of electric lighting, there have been: noted 
by different observers a variety of effects from a simple 
conjunctival irritation with tired eyes to very severe ocular 
disturbances. According to Ogneff,t from the prolonged 
action of light energy of great intensity, in which the violet 
and ultra-violet frequencies preponderate, there is produced 
a necrosis in the cells of the cornea in the case of rabbits, 
pigeons and frogs. This necrosis of the cells of the cornea 


‘Untersuch. d. physiol. Institut, Heidelb., Vol. I., u. ff. Quoted 
by Freund. : : 
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is produced by amitotic nuclear changes; from a brief ex- 
posure mitosis only results. He found the other parts of 
the eye, the lens and the vitreous humor, were not at all af- 
fected, the retina only slightly. This experimenter was of 


the opinion that he guarded against any action of the thermal | 


frequencies in his experiments. ae 
The red coloring matter, or visual purple, “rhodopsin 
which was proved by Boll* to be present in the outermost 
portion of the rods during life is bleached by the action, of 
light upon the retina. ‘This bleaching takes place during 


- daylight, but the coloring returns when the eye is placed in 


darkness. Kiithne? showed that by illuminating the retina, 
actual pictures, as, for example, the image of a window, 
could be produced on the retina of either living or dead 
frogs and rabbits, as by a photographic process, but they 
ually disappeared. ; 

a the dee ol a 4% solution of alum Ewald and Kune 
fixed a sharp picture or optogram in a rabbit’s eye dilated 
with atropin, at a distance of 24 cm. from the eyes. 

Visual purple, or rhodopsin, withstands the action of all 
oxidizing reagents; zinc chlorid, acetic acid, and corrosive 
sublimate change it into a yellow substance, but it becomes 
white only through the action of light. The obscure or dark 


thermal frequencies are without effect, while it is decom- 


posed above a temperature of 52°C. It is doubtful just how 
far this action of light on the visual purple affects the power 
of sight. 

Vision cannot be explained by the formation of opto- 
grams by the visual purple, for it is absent from the cones, 
and the cones are only present in the fovea centralis. 

It is the rods and cones which are endowed with what 
Johannes Miller terms specific energy, that is, they alone 
are set into activity by the swing of the oscillating corpuscles 
of light energy in such a way as to produce those impulses 


‘Landois and Stirling, Text-book of Human Physiology, 4th 


edition, p. 942. S 
*Tandois and Stirling, 4th edition, pp. 980-981. 
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which result in vision. Light allowed to act upon the retina 
for a long time, and especiaily if it be intense, causes fatigue 
of the retina, which begins sooner in the centre than in the 
periphery of the organ. This retinal fatigue comes on 
rapidly at first, but develops more slowly subsequently. 

It has been demonstrated by Kithne? that the nature and 
the amount of light influenced the condition of the hair-like 
processes sent down between the rods and cones, and also 
influenced the formation of pigment granules of the pig- 
mentary cells of the retina. 

In a frog kept for several hours in the darkness the pro- 
toplasm of these pigment cells is retracted, and the pigment 


granules lie chiefly in the body of the cell and in the process: 


near the cell. In a frog kept in bright daylight, the proc- 
esses loaded with pigment penetrate downwards between 
the rods and cones as far as the external limiting membrane. 
A retina that has been kept in the dark changes its electrical 
conditions when light suddenly falls upon it; the electrical 
current which passes normally from the retina to the brain 
is made stronger. 

The maximum of stimulation for the eye accustomed to 
darkness is found in yellowish-green close to the thallium 
line. On the other hand the eye adapted to the light reacts 
most to the yellow D-line of the spectrum. 

It was proved by Engelmann that frogs from whose eyes 
light was artificially excluded reacted with contraction of 
the interior cones of the retina upon exposure of the skin of 
the back to light energy. In this fact is to be found the 
proof that the stimulus of the light energy reaches the brain 
by a centripetal course, and is able thence to induce motor 
phenomena. 


When the brain is removed, it has been shown by Buedin- - 


gen that this reflex action does not take place. From this 
the conclusion must be reached that this transformation of 
the light energy stimulus takes place within the brain itself, 





“Landois and Stirling. 
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Stimulus of the visual areas may produce spectra. This 
phenomenon cannot be produced at will by all persons. Car- 
danus (1550), Goethe, Nicolai, and Johannes Miller could 
produce spectra at will.* 

It has been shown by von Helmholtz,? Bence Jones,’ 
Dupré and John Tyndali that the lens possesses the power 
of fluorescence to a high degree. 

Von Helmholtz, after cutting out all the spectrum, in- 
cluding the violet rays, succeeded in seeing the ultra-violet 
rays, which had a feeble grayish blue color. ‘The heat rays 
in the colored part of the spectrum are transmitted by the 
media of the eye in the same way as through water. The 
existence of the ultra-violet frequencies is best ascertained 
by the phenomenon of fluorescence. As the media of the eye 
themselves exhibit fluorescence (von Helmholtz), they must 
increase the power of the retina to distinguish these rays. 
According to Briicke, ultra-violet frequencies are not largely 
absorbed by the eye. 

Tyndall found upon bringing his eye into a violet ray 
that he noticed a bluish white glimmer filling the space in 
front of him. This glimmer comes from the fluorescent light 
in the eye itself. The crystalline hue of the eye when looked 
at from without lights up brightly at the same time.” It 
seems very probable that this peculiarity of the lens com- 
mon also to the vitreous body is the explanation of the 
ability on the part of some persons to perceive sensations of 
light under the influence of Roentgen and Becquerel rays. 
It is not impossible, as suggested by Freund, that electric 
stimuli of the retina and the optic nerve may have something 


to do with it. 


1T andois and Stirling, Text-book on Human Physiology. 


*Tbid. 
’Medical Times and Gazette, London, Aug., 1866, pp. 163-167. 
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